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WO 97/14436 PCT/US96/169U 
SYNTHETIC VACCINE FOR PROTECTION AGAINST HUMAN DMUNODEFICIENCY 
VIRUS INFECTION 

This is a continuation- in-part of Application No. 

08/546,515, filed October 20, 1955, which is a 

continuation-in-part of Application No. 08/23 S, 305, 

filed April 29, 1994, which is a continuation-in-part of 

Application Serial No. 07/858,361, filed March 27, 1992, 

which is a continuation-in-part of Application Serial 

No. 07/832,849, filed February 10, 1992, which is a 

continuation-in-part of Application Serial No. 

07/591,109, filed October 1, 1990, which is a 

continuation-in-part of Application Serial No. 

07/093,854, filed September 8, 1987, the entire contents 

of which are hereby incorporated by reference. 

The present invention relates , in general, 
to immunogenic preparations and, in particular, to 
F*?tid*s comprising as ins acid sequences 
corresponding to a region cf the human 
immun odeficiency virus (HIV) envelope protein, 
against which neutralizing antihcdies are produced. 
The invention further relates to a vaccine 
easprising the peptide coupled, either directly or 
through a spacer nciecule, to a carrier molecule, 
suitable fcr vaccination zi humans. 

The human retrovirus EXV h n « r been 
demonstrated to be the causative agent cf acquired 
immunodeficiency syndroae (AIDS) , a disease for 
vhich there is currently nc cure. The epidemiologic 
pattern among AI2S-related cases indicates that it 
is a transmissible disease. The virus is frequently 
found in saliva, sasen, vhcle blood and plasma firca 
individuals in high risk categories, including male 
homosexuals, intravenous drug users, patients 
receiving bleed products , and individuals 1 run Haiti 
and Central Africa. The rapid rise in 
serenes itiviry among individuals ir. high risk 
categories, the virulence cf the disease, ar.d its 
crcvir.g wcrld-vide distribution, underscore an 
ever-- helming and immediate need Izz 2 vaccine 



non-infected individuals. The need fcr diagnostic 
reagents to be used in testing for the presence of 
antihcdies against HIV in biological samples is also 
clear. 

Previous work has demonstrated that HIV 
infects T lymphocytes of the immune system by 
attaching its external envelope glycoprotein (gp!20) 
to the CD4 (T4) molecule on the surface of T 
lymphocytes, thus using the C04 (T4) .molecule as a 
receptor to enter and infect T cells. After 
infecting the cell, the virus subverts the ability 
of the T cell to fend off the virus. 

Retroviral envelope glycoproteins have 
been shown to be important in evoking a virus- 
neutralising antibody response, as determined by the 
ability of sera containing anti-envelope antibodies 
to inhibit HIV infection in vitro . Specifically, 
the EIV external envelope glycoprotein gpl2 0 has 
been shewn to be capable of inducing neutralizing 
antibodies in goats and in man (Robey et al., Froc. 
Hat'l. Acad. Sci. ( US A.I 83; 7023, 1986), Little is 
known of the precise location of epitopes on gpl20 
that are either immunogenic in HIV-infected patients 
or that give rise to neutralizing antibodies. 
However, the recombinant protein PB1 (Putney et al., 
Science . 234:1392, 1936), which encodes 
approximately one-third of the entire cpl2 0 
molecule, has been shewn to include the part of the 
envelope protein that induces the formation of 
neutralizing antibodies. 

The data accunlated to date suggest that 
neither F31 nor intact cpl20 are appropriate for use 
in a vaccine against EIV infection. Studies 
involving the use of goats and chimpanzees 
demonstrate that neither molecule has the ability to 
induce the production of high titers of neutralizing 
antibodies. In addition, it has been shown that the 
intact g?120 mclecule binds to the T4 molecule of 
normal T cells and is capable of disrupting normal 
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immune function. Specifically, whole g?120 envelope 
molecules interfere with normal CD4 (74) function, 
and suppress T cell activation in vitro (Mann et 
al., Tnmunol. 138:2640, 1987). Thus, the 
administration cf vaccines comprising large pieces 
of the external envelope glycoprotein may actually 
be detrimental to the normal immune system. 

It has became clear that HIV sequence 
diversity in the principle neutralizing domain of 
gp!20 (the V3 gp!20 envelope locp region) and rapid 
V3 locp sequence mutation rate is a major obstacle 
to overcome for vaccine development (Myers et al.. 
Human Retroviruses and AIDS 1991 : La Rosa et al., 
Science, 249:932-935, 1990; and Holley et al., FHA5 
(VSX) . £3:6300-6304, 1991). Nonetheless, studies 
continue to shew the critical role that the gp!20 V3 
region plays in generating ant i -HIV neutralizing 
antibodies (Jiang et al., J. Ere. Med. 174:1557- 
1593, 1990) . Moreover, it has recently been shewn 
that approximately 50% of current KIV isolates share 
a consensus cf V3 sequences that is similar to the 
KIV HK isolate, and that approximately 80* of KIV 
isolates in the US share one of the 4 mcst common 
KIV sequences (Myers et al., Human Retroviruses and 
AIDS 1991 ; La Rosa et al., Science . 249:932-935, 
1990; and Eolley et al., PHAS fUSAl . £3:6300-6804, 
1991) . Further, two of these sequences, GPCRAJ and. 
XKIGPGRA, have induced widely cross-reactive HIV 
neutralizing antibodies in animals (Jahaverian et 
al-, Science . 250:1590-1593, 1990 and Kaynes et al., 
AIDS Res. Humans. Retroviral . 6:38-39, 1990). 

Thus, critical to the development cf a 
vaccine against HIV, is the generation cf an 
antibody response against gpl20 that will interfere 
with gp!20 interaction with the C04 (Ti) molecule, 
but will not interfere with normal CD4 (T4) 
interaction with class II major histocapatibility 
molecules, a major normal function cf the CD4 (T4) 
molecule in the mediation of a myriad cf stages cf 
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normal T cell response. In addition, an effective 
vaccine against HIV will induce protective immune 
responses in primates and in man, that is, will 
prevent subsequent HTV infection from occurring. 

An immunogen that induced salutory 
(protective) anti-HIV immune responses for about 80% 
of HIV strains would be of great clinical use in at 
least three settings. First, the successful 
immunization of HXV negative IV drug users, prison 
inmates and homosexual populations thought to be at 
high risJc for contracting HIV infection would 
significantly blunt the progression of the AIDS 
epidemic. Second, if immunization of HIV-infected 
mothers during the first trimester of pregnancy 
could boost salutory anti-HIV virus responses and 
decrease transmission cf HIV by 80%, then maternal- 
fetal HIV transmission would decrease fcrm 30% to 6% 
of children born to HIV-infected mothers. Third, an 
immuncgen against HTV that induced salutary and not 
pathogenic anti-KIV responses, would be useful for 
immunization of HIV-infected assymptomatic 
individuals to boost anti-HIV immune responses, and 
promote the maintenance of the assyaptosatic HIV- 
infected state. 

OSJ-CTS Or TK- TWTKTTOK 

It is an object of the present 
invention to provide a peptide that, when linked to 
a carrier molecule and/or polymerized to form 
molecular aggregates, is capable of inducing the 
production in mammals of high titers of neutralizing 
antibodies against HIV, which peptide does not 
distrub ncrmal immune function. 

It is another object of the invention to 
provide a synthetic vaccine cosprising a peptide 
having an amino acid secuer.ee ccrresponding to an 
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antigenic determinant of the SIV envelope protein 
that la capable of Inducing protective immunity ia 
mammals against HIV. 

It ia a further object of the invention to 
provide a vaccine capable of inducing protective 
immunity in nammals against various forms of HIV. 

It is an additional object of the invention 
to provide a method of detecting the presence of 
antl-gpl20 antibodies in biological test samples. 

S'JHyj.-.Y or re? rwTWTnu 

The invention relates to immunogenic 
preparations and vaccines cade therefrom. Peptides 
having amino acid sequences corresponding to 
antigenic determinants of the envelope pcotein of 
EIV are covalently coupled, either directly or 
through spacer molecules, to suitable carrier 
molecules. Synthetic vaccines comprising one or 
more such peptides are disclosed. 

In one embodiment, the present invention 
comprises an essentially pure form of a peptide 
having an amino acid sequence corresponding to an 
antigenic determinant of the envelope glycoprotein 
of EIV, which peptide is capable, when covalently ' 
linked to a carrier eolecule, of inducing in a 
mammal high titers of protective antibodies against 
EIV. The peptide car. have, for example, the 
secyence CTF.?HHNTRXmiQRG?C, corresponding to amino 
acids 303-321 of the envelope glycoprotein of the 
ETLV-I2I 3 isolate (Ratner et al., Nature 313:277, 
198S), cr any portion therecf. 

In another embecine.it, the present 
invention comprises an i.T.-5ur.cge.-.ic conjugate capable 
of inducing in a masnal high titers of protective 



WO 97/14436 



PCT/US96/16911 



6 



antibodies against HIV, said conjugate comprising: 
(i) a carrier molecule covalently attached to (ii) 
a peptide coaprlsing an amino acid sequence 
corresponding to an antigenic determinant of the 
envelope glycoprotein of HIV. 

In yet another embodiment, the present 
Invention comprises a method of producing immunity 
to ST7 comprising administering the above-described 
conjugate to a mammal. 

Zn another embodiment! the present 
invention comprises a method of detecting the 
presence of anti-gpl20 antibodies in biological test 
samples. 

brief oescaiPTroH or the drawihgs 

Figure 1. Recombinant proteins and 
relation to synthetic peptides. 

Figure 2. Reactivity c£ AIDS patient 
antibodies to synthetic peptides. 

Figure 3. Reactivity to gpl20 of 
antibodies frcm HIV* patient purified ever synthetic 
peptide affinity columns. 

Figure A. Heutralizaticn of ETLV-III 8 by . 
goat anti-S?~10 antisera. 

Figure 5. Isolate specific neutralization 

of HIV. 

Figure 6. Binding of goat anti-S?-10 serum 
to ETLV-III B - but not to HTLV-III Rr -infected E9 T 
cells. 
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Figure 7, Comparison of the ability 
of various T1-SP10 peptides frca the 
envelope of HTV HH to induce anti-Tl-s?10XH 
peptide antibodies in Balb/c aice. Zach 
point represents the mean level of anti-Tl- 
SP 10 sens antibody in 4*5 aice as 
determined by ZLISA assay in 96 veil plates 
using the peptide T1-SP10 KH as antigen on 
the plate* Data are expressed as ratio 
(Z/C) of postbleed ianuniiation (2) optical 
density (00) to prebleed (control) 00. Data 
shcv that Tl-S?10H}f{A) , P-T1-SF10KK and 7- 
T1-S?10KH<A) peptides after 2 indenizations 
induce higher levels of ^anti T1-SP10XH 
antibodies than did T1-SP10HH itself. 

Figure 8. Comparison of the ability of 
various T1-SP10 peptides fron the envelope 
of EIV Xtf to induce antibodies in Balb/c 
nice that neutralize KIV XK in r/ncytius 
inhibitiun assays in vitro, l»ch bar 
indicates the results of serua frcr bleed 3 
fron one nouse iaaunized vith the indicated 
fora of T1-SP10* Height of bar indicates 
the percent of syncytium formation inhibited 
by a 1:10 dilution of serua ' corpered to 
prebleed serua at the sane dilution. 
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Figure 9 shews antibody ■ titers in EL1SA assay 
against immunizing peptide over time in chimpanzees 
immunized with HIV env synthetic peptides. 

Figure 10 shows peripheral blocd mononuclear 
call proliferative responses to the Tl-SrlOIIIB(A) 
peptide in 7 day tritiated thymidine incorporation 
assays. 

Figure 11 shows P3MC proliferative responses 
of chimpanzees immunized with T1-SP10 peptides and F- 
T1-SP10 peptides to PEA. 

Figure 12 shows goats immunized with the same 
batch of peptides used to immunize chimpanzees 884 , 
1028 , 1045 and 1070. The peptides were immunogenic in 
goats and induced high titers of anti-KI7HI3 
neutralizing antibodies. 

Figure 13 shews anti-HIVHN neutralizing 
antibodies in Rhesus monkeys immunized with T1-SP10MH 
peptides. Data represent 90% neutralization titers in 
syncytium inhibition assay. 

Figure 14 shews antibody to immunizing 
peptide in Rhesus monkeys immunized with Tl-SPIOMN(A) 
peptide. 

Figure 15 shews neutralizing antibody levels 
in syncytium inhibition assay in serum of Rhesus 
monkeys izmunizec with F-T1-S?10KN{A) peptide. 

Figure 16 shews serum antibody titers to * 
immunizing peptide in Rhesus monkeys immunized with F- 
T1-S?1QMN(A) peptide. 

Figure 17 shows the absorption of cross 
neutralizing antibodies induced by T1-S?10MM(A) peptide 
in rhesus monkey 18987 by peptides containing GrGZAF 
sequence. As shown, a peptide containing Tl did not 
absorb out neutralizing antibodies nor did a peptide 
with a sequence net in Tl-SPIOKN(A) . Only peptides 
with GPGPAJ absorbed the neutralizing activity proving 
that this animal selectively recognized the GPGRAJ 
region of the Vj EIV g?120 loop as immunogenic and Bade 
cress-reactive antibodies to this region. 



8a 

Figure 13. Neutralizing antibody titers 
against EZV III3/LAI (solid lines) and ET7 KN 
(dotted lines) in serum of the four chimpanzees 
immunized with T1-SP10III3 cr F-T1-SP10III3 (A) 
peptides then immunized with Tl-SPIOKN(A) pectide. 
Neutralizing antibody titers determined in syncytium 
inhibition assay. 

Figure 19. For details , see legend to 
Figure 9- Solid lines indicate antibody titer 
against T1-SP10III3 peptide; dotted line indicates 
antibody response against Tl-SPlOMN(A) peptide. 

Figure 20. Absorption cf chimpanzee 1070 
serum neutralizing antibodies against the EIV 
isolate by S?10MK(A) peptides and partial absorption 
by DP2 peptide. 

Figure 21. Induction of high levels of 
neutralizing antibodies against EIV MN with Tl- 
S?10MN(A) peptide in Rhesus monkeys. 

Figure 22. Induction of anti-Tl-S?10MN(A) 
peptide antibodies with T1-S?1QM>T(A) peptide in 
Rhesus monkeys. 

Figure 23. Induction of high levels of 
anti-EIV KK neutralizing antibodies with Tl- 
S?10KN(A) peptide. 

Figure 24. Induction of antibodies 
against F-T1-S?10KN(A) peptide using F-T1-£?10KN (A) 
peptide as imnuncgen in Rhesus monkeys. Assay used 
in Figs. 22 , 24 was end-point ELISA against 
immunizing peptide (I/C greater thar. 2.9). 

Figure 25. Absorption of serum 
neutralizing antibodies against the EIV III3 isolate 
by s?10KT(A) and DF2 peptides. 
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Figure 26. Panel A is a general prototype 
design of the C4-V3 peptide called Tl-SPIO(A) from the 
E2V isolate MN with 2 T helper determinants in the 
hybrid peptide, one MEC Class I CTL epitope restricted 
by B7, and a second CTL epitope restricted by HLA-A2 , 
Panel B shows the Th-CTL peptide designed from simian 
immunodeficiency virus envelope and simian 
^immunodeficiency virus gag protein* This peptide was 
used to show the ability of the peptide to generate 
Class I restricted anti-SIV CTL in primates as 
described in Yasutomi et al (J. Immunol. 151:5096 
(1993)) . 

Figure 27. Sequence of T1-SP10 (A) Th-B-Tc 
peptides for human immunization. 

Figure 23. Mab 48d binds to the C4-V3 
peptide T1-SP10CANQ (A) whereas monoclonal antibody 17b 
does not. Increasing amounts of monoclonal antibodies 
were added to ELISA plates on which the Tl-SPIOCANO(A) 
C4-V3 peptide was coated (2 jig/well) as described in 
detail in Eayr.es et al (J. Immunol, 151:1646' (1993), J. 
Exp. Med. 177:717 (1593)). Figure 28 shows that mab 
43d bound to the T1-SP10CANO (A) peptide, and the 17b 
antibody did not. This plate was stripped with 8 molar 
urea (a treatment previously shown not to affect 
antibody binding to linear V3 determinants of peptides 
on the plate) and demonstrated that 8 molar urea 
treatment of the peptide denatured the peptide and 
preventive subsequent 48d binding to the peptide. 
These data strongly suggested that 48d antibody bound 
to a conformational determinant on the C4-V3 peptide 
Tl-SPIOCANO(A) . 

Figure 25. The whole T1-SP10CAN0 (A) peptide 
is recuired for maximal peptide binding to mab 48d. 
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Either the Tl peptide (C4 region alone) the V3 peptide 
[SP10CANO (A) ] , C4-V3 peptide tTl-S?10CANO (A) ] or a Y 
mixture of equal amounts of C4 (Tl) + V3 [SPIOCANO(A) ] 
peptide were incubated on an ELISA plate with the total 
concentration of 2 ftg/well . It f«w be seen in 
Figure 29 that control monoclonal antibodies DU.HP20 
did not bind to any of these peptides , whereas the 48d 
mabs bound to SPIOCANO(A) peptide an r* signif icantly 
better to the C4-V3 version of the Tl-SPIOCANO(A) 
peptide. Mixing the Tl + the SPIOCANO(A) peptide 
together did not increase 48d binding. 

Figure 30. General scheme for an HLA-based 
vaccine for AIDS . 
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Figure 31. Schematic representation of the possible 
interaction of functional native HIV-i envelope regions. 
Figure shows that HIV-l envelope protein gp41 on the 
viral surface has been proposed to interact with the V3 
loop and C5 regions of HIV gpl20 envelope protein. 
Amino acids are shown in single letter code, and numbers 
represent the positions of amino acids in the HIVBAL 
envelope protein gplSO . 

Figure 32. Western blot analysis of guinea pig antisera 
against HIV gpi20 and proteins. Recombinant gp!20, 
gp41-MBP fusion proteins (0 . 1/xg/lane) , cell lysate of 
HIVLAI/IIIB infected- or mock-infected CEM cells 
(0.5x10 s cells/lane) were fractionated on 4-20% SDS-PAGE 
gel, and transferred to nitrocellulose filters. The 
filters were blocked overnight with 10% dry milk at 4°C, 
and incubated with guinea pig pre- or post -immune sera 
at 1:400 dilution for lh at room temperature, followed 
by .incubation with goat anti-guinea pig IgG labeled with 
horseradish peroxidase for lh at room temperature. 
Results were visualized by using chemiluminescence 
technique. Panel A. Western blot with pig serum from 
guinea pig immunized with HIV-l peptide GTH1SP10MN (A) . 
The pre -immune serum from the same guinea pig was used 
as control. Panel B. Western blot with sera from guinea 
pig immunized with HIV-l peptide HIV-l gp41 peptide 
SP400-BAL. The pre-immune serum from the same guinea 
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pigs were used as control. Panel C. Western blot with 
sera from guinea pig immunized with HIV-l peptide HIV-i 
gpl20 peptide SP410-BAL. The pre-immune serum from the 
same guinea pigs were used as control. 

Figure 33. Indirect immunofluorescence and flow 
cytometric analysis of guinea pig antisera against HIV 
peptide on the HIVLAI/II IB- infected CEM cells. Sera 
from guinea pig before and after immunization with HIV 
envelope peptides were incubated with HIVLAI/IIIB- 
infected or mock- infected CEM T cells (10 s cells) for 
45 min at 4*C, followed by incubation with goat anti- 
guinea pig 1 go labeled with FITC for additional 4 5 min 
at 4°C. Then, cells were washed, fixed with 1% 
paraformaldehyde, and analyzed by a flow cytometry 
profiler. Results were expressed as mean fluorescence 
channel number to reflect the fluorescence intensity. 
Data represent average value of two experiments. 
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DETAILED 0£SCai?TIOH OF TES INVENTION 

The present Invention relates to peptides 
corresponding to immunogenic epitopes of EIV and 
synthetic vaccines cade therefrom. These novel 
immunogenic agents are prepared by chemically 
synthesizing peptides sharing antigenic determinants 
with the envelope protein of HIV. The peptides are 
linked to carrier molecules (and/or are polymerized) 
rendering them suitable as vaccines. These vaccines 
are useful for immunisation against AIDS vhen 
administered to mammals, for example, by the 
parenteral route. 

It was determined that peptides that should 
be studied for immunogenic potential included those 
corresponding to hydrcphilic, charged regions of the 
HIV envelope glycoprotein. It vas further deter- 
mined that, of such peptides, those with predicted 
beta turns would likely be of particular 
impcrtance. It was recognized that the formation of 
intrapeptide disulfide bonds would be useful in 
establishing native ccnf igurat ional determinants. 
Also, it was recognized that formation of interchain 
disulfide bends wculd be useful in polymerizing 
peptide molecules so as to form larger, core 
immunogenic peptide aggregates. 

Computer analysis of the predicted amino 
acid sequence of the envelope protein of the ETIV- 
XII a and A-lV-2 isolates of EIV established the 
secondary structure and location of hycrochilic 
regions. Secondary structure was determined from 
the computer analysis using the method of Chou and 
Fasman ( Biochemistry 13:211 and 13:222, 1974 ; 
Advances in Enzvsiclccv <7:4S, 1973). ?c:ential 
areas of beta turns were localised using the method 
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o£ Rose (Ha bare 272:535, 1978). Eydrcphiiic regions 
cf the envelope protein were Identified by the 
technique of Rose and Roy ( ?roc. Nat'l. Acad. Sei. 
DSA 77:464:, 1980}. 

The peptides of the instant invention 
correspond to, or are homologous with, B-cell 
epitopes present within the central region of the 
EIV isolate BTLV-III a envelope protein, or envelope 
protein of related EIV isolates. The peptides of 
the present invention are about 3S a-sino acids 
(units) or less in length, are hydrophilic, and when 
conjugated to appropriate carrier oolecules, evoke 
the production in nazals ef high titers (that is, 
advantageously, a reduction in inf activity of 100 
infectious units ef apprazisately 80* in vitro at 
1:600 dilution of serus) of type {or isolate) 
specific neutralising antibodies against EIV. 
Unlike the intact gpi;o aclecule, the peptides 
themselves are not capable of inhibiting interaction 
betw«a the CD4 (T4) colecule on the surface of T 
lyophccytes and macrcphace E1A class II molecules, 
and thus do not interfere with ncraal iesune 
function. That is, peptides of the instant 
invention capable of inducing anti-SIV neutralizing 
antibodies, do not inhibit antigen-specific normal T 
cell proliferative responses in vitro. 

Peptides of the instant invention can have, 
for exaaple, the secue~.ce Craj>MNjrrRXS!R2CRG?G 
(designated SP-10), corresponding to aoino acids 
303-321 ef the KTLV-HIg envelope glycoprotein g P 120 
(Ratner et al.. Mature 313:277, 1985), or some 
portion of that sequence. Peptides of the invention 
can also have sequences corresponding to the 
analogous SP-10 regions of EIV isolates ccher than 
ETW-Hi g , or portions thereof, these se—ences 
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being designated "SP-10-like" (see, for example, 
sequences la Table I). 



SP-10 EIV-2 (LAV-2) CJaPCMKTVXQIHLMSGXVTKSSY 



The expression "SP-lO-like' includes within its 
meaning the SP-10 sequence itself. 

Carrier molecules to which peptides of the 
invention are covalently linked (conjugated) are 
advantageously, non-toxic, pharaaceutically 
acceptable and of a size sufficient to produce an 
immune response in mammals. Examples cf suitable 
carrier molecules include tetanus toxoid, keyhole 
limpet hesocyanin (SLH), and peptides corresponding 
to T cell epitopes (that is, Tl and T2) of the g?120 
envelope glycoprotein that can substitute for nca- 
AIDS virus-derived carrier molecules (Cease, Proc. 
Hat'l. Acad. Sci. (OSA) 84:4249, 1987; Kennedy ec 
al., J. 5iol. Ciea. 2S2:S763, 1987). Peptides can 
also be administered with a pharaaceutically 
acceptable adjuvant, fcr example, alum, cr 



TA3LZ Z 

SP-10 and SPlO-tlke Secuences 



SP-10 III B 
SP-10 HH 



CTRPHYHKRXaiHICPCRA? 
CTRPNHNTRXS ITKGPGRVIY 
CTRPHNNTTRS IKIGPGRA 7Y 
CTRPHNKVHRRKIEIGPGRAfY 
CTRPYHNVRRSLS IG?G?-\f a 
CTRPND I AfWS IKIGPC RA?Y 
CTR = HKNTRX S I Y I G ? G PATH 
CTRr NHHTRXS I R I QRG ?G 



CTRPNffliTRXSIRlQRGPG 



SP-10 Rf 
57-10 SC 



SP-10 WXJ-1 
SP-10 WXJ-2 
SP-10 KXJ-3 
SP-10 ARV-2 
SP-10 LAV-I 
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conjugated to other carrier molecules sore 
immunogenic than tetanus toxoid. 

Linkage of a carrier molecule to a peptide 
of the invention can be direct or through a spacer 
molecule. Spacer molecules are, advantageously, 
non-toxic and reactive. Two glycine residues added 
to the amino terainal end of the peptide can provide 
a suitable spacer molecule for linking S?-lQ-like 
sequences, or portions thereof, to a carrier 
molecule; alternatively, S?-10-like sequences, or 
portions thereof, can foe example be synthesized 
directly adjacent to, for example, another 
immunogenic HIV envelope sequence, for example, Tl 
or T2. Cysteines can be added either at the N or C 
terminus cf the S?-10-iike peptide for conjugation 
to the carrier molecule or tc both ends to 
facilitate interchain polymerisation via di-suifide 
bond formation to form larger molecular aggregates. 

Conjugation of the carrier molecule to. the 
peptide is accomplished using a coupling agent. 
Advantageously, the hetercfunctionai coupling agent 
H-maleiaidcbenooyl-N-hydroxysuccinitnide ester (HSS) 
or the water soluble compound m-maleimido- 
bemoylsulfosucclnimide ester ( sulf o-MSS] is used, 
as described by Green et al (Cell, 28:477; 1982) and 
by Falker et al. ( ?roc. Hat'l Acad. Sci. (0. S.A.J 
84:2479, 1987). 

Vaccines of the instant invention comprise 
one or more SP-10-like peptides, or portion thereof, 
each Sr-10-like peptide being derived from a. 
different EIV strain, which peptides are conjugated 
to carrier molecules. A polyvalent vaccine 
comprising a mixture cf synthetic peptides, 
advancacecusiy about 2 to about 10, corresponding is 
sequence to, for example, the isolates indicated in 
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Tables I, can be used to provide immunity in can 
against various forss of HIV, 

Advantageously, the S?-10 sequence of ETLV- 
III B (see Table I) can be conjugated to or 
synthesized with either the STLV-IIIg g?i:o envelope 
T cell epitope Tl (amino acids 423-443 of gpl20), 
KQI IHHKQEVGXAKYA 9 or to the T2 epitope (amino acids 
112-124 of ETLV-III a g?120), EIDIISLWNCSLK (Cease et 
*1.# Proc, Nat'l, Acad; Scl {OSA) 84:4249/ 1987) to 
form a single polypeptide (In the case cf Tl-SP-10 
from the ETLV-HIg isolate off EIV, 

XQIXMHiQEVCXAMYACIS;MHHTRXSIRIQRG?G) . Similarly, Tl 
o r T2 sequences frcs ether EIV isolates can be 
linked to synthetic peptides derived fret the S?-10 
region of the cor responding Isolates (see Table I), 
advantageously, at the N terminus off the Sr-10-like 
peptide, to make a Tl(cr T2-}-S?-10-like peptide 
capable off inducing neutralizing antibody titers 
against a specific strain of EIV. Linkage at the C 
terminus of the S?-10-like peptide is also possible. 

Smaller portions of S?-10-like peptides, 
fcr example, S?-10 RJ(A) and Sr-10 C {Table II) can 
also be covaiently linked to carrier molecules, 
including gpi20 T cell epitopes, and used in a 
vaccine* 

The present invention also relates to an 
effective protective vaccine against strains c! EIV 
ccoprising, in addition to S?-lQ-iike sequences and 
appropriate carrier solecule(s) additional sequences 
from the gpl20 envelope molecule. Sines there is a 
major hypervar iable region that is carbesy terainal 
to peptides designated as S?-10-like in Table I 
(envelope amino acids 322-233, Rat-er et al, Nature 
313:277, 1935], and since the hypervar iable region 
Buy play a role in enhancing the ability cf SF-10- 
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like peptide* to raise type-specif ic neutralizing 
antibodies, aaino acid sequences corresponding to a 
hypervariable region (approximately asino acids 322- 
333) of 117 isolates can be included as vaccine 
components, in part or in whole , as described for 
other S?-10-like peptides (see, for example, 
sequences in Table II). Eypervariable sequences are 
linked advantageously C-terainal to the S?-10-like 
peptide. Linkage H-terainal to the S?-10-like 
peptide is also possible. 

Table II 

S?-10 and S?-10-llke sequences containing an 
adc:t:cnal car boxy cerainal hvoervar iasie docain and 
shortened S?-10-Uke secuenceTI ~ 



s?- 


•10 


ma 


CTRP HNliTRXS I S IQRC PGfiA *yr IGXIGN 


£?- 


■10 


MX 


CTRPNYNXRXR IK iGPGRAf YTTXNI IG? 


SP- 


10 


R? 


CTRPhTOTTRXS I7XGPGRV I YATGQ I IGO 


Sr- 


10 


SC 


CTRPHNHTTRS IK IGPCRAflf ATGO I IGO 


SP- 


10 


KKJ-1 


CTRPNNNVRRRH I K IGPGRAf Y7GEIRGH 


SP- 


10 


kmj-2 


CTRPrHNVRRSLS IGPGRAfRTRII IGI 


s?- 


10 


KHJ-3 


CTRPHDIAP-RRIKIGPGRAf YTGXIIGN 


s?- 


10 


ARV-2 


CTRPSWJTRXS H IGPGRAf KTTGRIIGD 


SP- 


10 


LAV- 1 


CTRPHNNTRXSIRIQRGPGRArVTIGXIGM 


s?- 


10 


EIV-2 
(LAV- 2) 


CXRPGNXTVXQ I M.LKSGKVFKSHYQP IHXRPRQ 


s?- 


10 


C 


CTRXS I RIQRGPGR [ Y ) 


SP- 


10 


R-'(A) 


CRXSITXGPGRVIY 



The present invention also relates to an 
effective protective vaccine against strains of HIT 
cccprising, in addition to a S?-10-like sequence and 
a carrier molecule, a peptide corresponding to the 
HIV gp41 transneabrane region that is involved in 
viral-induced cell fusion, TLCTLZ, (Gallagher, Cell 
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50:327, 1987). The FLCFW sequence is added, 
advantageously, at the C terminus of the S?-10-Uke 
peptide. Addition at the H terminus of the SP-10- 
llke peptide is also possible. 

The present invention also relates to an 
effective vaccine against EIV formed free cysteine- 
Tl-(or T2-}S?-10-li!te, cysteine-Tl- (or T2-)S?-10- 
H5ce-hypervariable region, or cysteine-Tl-(or T2-J 
S?-10-like-?LcrLG polypeptides; and/or S?-10-lUe- 
cysteine or S?-10-like-hypervariable regicn-cysteine 
polypeptides. The polypeptides can be treated with 
oxidizing agents to induce disulfide bonds between 
polypeptide chain cysteines, to effect pclyaerited 
and therefore/ highly immunogenic antigens. The 
cclecular aggregates thus formed advantageously 
comprise S?-10-like peptides derived from 
{corresponding to) at least 2 EIV isolates. 

A polyvalent EIV vaccine of the instant 
invention comprises, advantageously, two cr more 
conjugates comprising an S?-10-lUe sequence, or 
portion thereof (see, for example, sequences in 
Table 1) derived from 2 cr core EIV isolates, and a 
carrier cclecule such as tetanus toxoid, cr two or 
more Tl- cr T2-S?-10-like peptide conjugates, 
wherein bcth the Tl (or T2) and the S?-10-lUe 
sequences correspond to sequences present in a 
specific EIV isolate. 

The advantage o! using, as a carrier 
cclecule, a synthetic peptide reflecting a portion 
of the gpl2Q cclecule recognized by helper T cells, 
is that no other carrier oolecule, such as tetanus 
toxoid, vculd be required, and the 3 and T cell 
response to EIV wculd be specific. Combining in a 
pcylvalent vaccine several peptides reflecting 
sequences from the SP-10 region of different 
isolates, and possibly the T cell recognition regicr. 
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of the gp!20 envelope, overcomes the problem of 
isolate-specif ic neutralization. 

The present invention also relates to a 
polyvalent vaccine comprising S?-10-lixe peptides 
linked to hypervariable sequences described above 
(see, for example, Table II). A mixture of such 
polypeptides, coupled to appropriate carrier 
molecules and/or polymerized via disulfide bend 
fcrsaticn (Harincton, C.S., e: al., Sicchea. J. , 
30:1598, 1530; Earingtcn, C.R., et al., Siochem. J. , 
38;417, ; Keygand et al., I. Haturfcrsch. , 
176:807, 1962}, can be used as a vaccine to evoke a 
protective antibody response to multiple isolates of 
HIV, 

S?-10-iike peptides can be used in a solid 
phase radioimmunoassay (Pa-Ike: et al. J . Immunol 
136:2393, 1986; ibid. , Proc. Nat'l. Acad. Sci. (OSA) 
84:2475, 1987] to (i) detect the presence and titers 
of neutralizing antibodies of EIV; and (ii) to 
determine with which strain of EIV the patient is 
infected. Thus, in addition to S?-10-lUe peptides 
being used as a vaccine or a component cf a vaccine, 
the peptide can be used, as described above, for 
diagnostic purposes. Peptides of the instant 
invention can also be used in standard enzyme linked 
immunosorbent assays to detect the presence of SIV 
antibodies . 
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Suaaarizing and suppleaer.ting specific 
aspects of the foregoing, the present invention 
relates, at least in part, to a synthetic peptide 
comprising at least two regions of HIV proteins, 
the Tl gpl20 env region, reported to be recognized 
by both B calls (PaUeer et al J. Taming] , 
142:3«12, 1949) and helper T cells (Cease at al 
PrOC. Natl, lead, n^. fl^.) 84M249, 1987), and 
the S?l0-113ce gpl20 env region, a region that is 
also recognized by helper T cells and as veil as 
by B calls and induces antibodies that are capable 
of neutralizing the human isaunodeficiency virus 
.(HIV) (see reference of Pa Deer et al cited 
iaaediately above; PaUcer et al Proc. y ., f 
Sci- fVSM 8S:i932, 1988; and also Rusche et al 
Ptoc, Natl. Acad, n^tf ««.n«.- 1rr> im 

and Coudsait et al Proe. w«ti . x e *d. «-« rm > 
85:4478, 1988) (see Tables III and IV). 

TA3LZ III 

VXXIANTS OF THI Tl-S?10 PSPTIDE OSSIVZO 
rSOK HIV Kf DTV2L0P2 SZQUZHCZS 



— . F. II S?10 x 

T1 " S?1 ° ^^•QEVG^J«AC7ArNYWC3lXXIHIG?5aA 
T1 ' S?1 ° tA) KO^^O^W-HYACTRPHYW^XaiHIGrGXAFYTrr 
F-Tl -SPIO AVGIGALFLGrLXOII^OEVCXAWACTSPSY^XXXXIHIGPfflU 
. r-Tl«SP10fA) AVGIGALFLGrLKQII}^0EVGX> WXC7Tt?vyvv^<aiHIG?GaArvrTT 

Sequences from Heyers et al. Busan Retroviruses and AIDS 1988 
Us Alaaos National Laboratory, L05 Alaws, New Kexicof'p. 11 M . 
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VARIANTS CF THE T1-SP10 PSPTIDE DL'IVXD 
FSOK HIV III3 ZNV£LOP2 SISUZNCIS 



Tl 



S?10 



A 



Tl-S?10 



KOI DOfi^EVGXAMYACTRPHNNTRXS IRIQRGPG 



T1-SP10CA) 



K0II^*0EVGJWKYACTaPWW7RXSISIQRC?CIlAFVTI 



F-T1«S?10 



AVGIGAL?XG?LXOIlJOO^BVGXAKYArrRP}iW.TXXSm 



F-Tl -S?10 (A) A VG IGALFLG ?L XO I INHWOEV6XAMYA CTR PWNTRXS I R IQRGPGaAfVTI 

Sequences frca Ratner ct al. M*tw» . 313:27*7, 19SS. 

Neutralizing antibodies produced by TI- 



S?lfl-like peptides are type-specific, in that 
antibodies raised against the EIV KTLVIII3 (I 113) 
isolate do not neutralize the EIV KTLVIIIXN (MN) 
or ETLVIIIX? (Rj) HIV isolates (Palfcer et al. J. 
Iasunol . 142: 3-612 , 1989) . Similarly, neutralizing 
antibodies raised against the Ti-S?10-lixe 
peptides containing sequences fro= the XH or RJ 
HIV isolate neutralize the hoeclogous isolate but 
do net neutralize any of the other tvo HIV 
isolates. Hovever, when goat anti-Tl-Srlo-like 
antisera were tested against 9 EIV field isolates 
in North Carolina, anti-TI-S?10:iI3 sens was 
observed to neutralize 1 of 9 HIV isolates, anti- 
T1-SP10R? serus neutralized 3 cf 9 HIV isolates, 
and anti-TI-S?10MN seru= neutralized 6 cf 9 HIV 
isolates (Haynes et al A?DS Bes. Petrol. 6:38, 
1990) (see Table V) . 



ABILITY 0? ANTI-TI-SP10 SZSOX TO HZuTRALIZZ 
NORTH CAROLINA 7I2LD ISOLATZS 0? HIV 



TA3LZ V 



ANTI-T1-SP10III3 



AHTI-T1-SP10R? 



AHTI-T1-SP10HH 



1/9 (U%) 
3/9 (33*) 
6/9 (67*) 
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La Rosa et al f ScUncg 249 :932, 1990} 
have shevn that the HIV XH rotif described by 
Haynes et al in ATDS , (abcve) is one 

of the prodcainant not if s of HIV isolates cultured 
froa AIDS patients around the United States. 

PaUter at al fJ. T«gunol 142:3612, 1989} 
were the first to report that the strategy of 
airing peptides fron various isolates could be a 
successful approach to the problea of raising 
antibodies against numerous strains of HI7 with 
divergent asino acid sequences in the 303-337 
region of the HIV envelope. Moreover, PaUcer et 
al reported that the Tl-SPlO-like peptide was 
advantageous over synthetic peptides coupled to 
carrier molecules such as KLH cr tetanus toxoid. 
Khereas carrier coupled peptides only induced 
large aacunts of antibody against the carrier in 
polyvalent aixtures of peptides, vhen the Tl 
sequence of HIVIII3 env (aainc acids 429-443) vas 
ccvalently lin3ced N-terainal to the SP10 sequence 
(aaino acids 303-321), this carrier-free ia=uncgen 
induced high titers of neutralising antibodies to 
all three KIV isolates whose sequences vera 
present in the T1-SP10 peptides. Moreover, Kart 
*- al fJ. Taaunol . 1990) have recently shcvn that 
the T1-SP10 peptide is non-toxic to iaaune cells 
in rhesus acnkeys and is capable of inducing high- 
titered neutralizing antibodies and T helper cells 
in vivo in these priaates. Thus, the T1-SP10- 
liXe synthetic peptide construct is a sisple, non- 
toxic and highly efficacious aolecule for inducing 
high titer ed anti-HIV neutralizing antibody 
responses and T-helper cell responses in goats and 
priaates. 

One of the aajor prcbleas in developing a 
vaccine fcr AIDS has been the question of vhether 
antibody responses alone can protect an individual 
against both cell-free HIV and HIV-inrected cells, 
cr vhether cell aediated iaaune responses 
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(antigen-specific cytotoxic T calls) era needed as 
veil. Certainly, -any other viral infections 
require both antibody and cellular anti-viral 
immune responses for the generation c* protective 
immunity (Long et al T-. una i . *nfi» y i 0 . A5i i 9S9) t 
In addition, local immunity at mucosal surfaces 
consisting of Igts and IgA antibody responses and 
mucosal surface-associated cytotoxic T cell: 
activity say be required to protect against 
transmission of HIV via sexual contact or via 
exposure of mucosal surfaces vita infected blood. 
Thus, a synthetic peptide iamunogen vould be 
desirable that induced cytotoxic T cell (CTL) 
responses to HIV in addition to inducing 
neutralizing antibody and T helper call responses. 
In addition to the embodiments disclosed and 
summarized above, the present inventicn relates to 
such an immunogen. 

The F region (for example, amino acids 
919-530 of the BK10/III3 HIV isolate and 
homologous regions of ether HIV-i, KIV-2 and 
simian immunodeficiency virus (SIV) isolates) has 
sequence homology to the ?i (fusion) peptides of 
paramyxoviruses (Gallaher £e_Li 50: 3 27, 1987). The 
T region has been postulated to form a hydrophobic 
helical structure capable of inserting into lipid 
biiayers of cell membranes and inducing cell 
fusion. Eosch et al (Scitne* 24 4:654, isss) have 
demonstrated that the T region in SIV (that is, 
the region homologous to the 5 19 -S 30 env gp4i 
region of the 8H10/III3 HIV isolate) dees indeed 
mediate cell fusion of SIV-infected cells. 

It has been determined that F-derivatired 
peptides are internalized in immune cells in 
such a way as to induce the same type of cytotoxic 
T cell response that is necessary for control of 
many viral infections, namely, the generation of 
HTA-restricted CD8+ cytotoxic T cells. 7- 
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derivatired peptides interact with cells of the 
inrune system such that vhen injected into a 
carnal, they induce anti-HTV oeaory T helper call 
activity, anti-HIV neutralizing antibodies, and 
memory anti-HIV CD3+, HUl-Clase I restricted 
cytotoxic T cell responses. 

Accordingly, the present invention 
relates, in a preferred eabodisent, to peptides of 
the general formulae: 

?-Ih-S?10 (X) 
Th-SP10 (X) 
Tfc-S?10 
and 
F(X) 

wherein: 

P sequences are frcn the putative 
fusogenic dccain of HIV env gp41 (for example, 
asino acids 515-530 in HIV isolate BK1G/IIX3 or 
homologous regicns in ether HIV-1, KIV-2 or SIV 
isolates , or sequences functionally equivalent 
thereto) ; 

Th sequences are either the Tl or T2 T 
helper epitopes or alternatively are any of the T 
helper cell epitopes listed in Table X (belov) or 
azino acid sequences frcs other regions of HXV 
proteins not listed but that function as T helper 
epitopes; 

S?10-liJte sequences are frcs Tables 1 or 
II (see also Table VIII below) or frcn any S?10- 
like sequence frcn HIV field isolates (see, for 
example, LaRosa et al Science 249:932, 1990); and 

(X) sequences are HIV protein sequences 
recognized by KEC class I or Class II restricted 
cytotoxic T cells. Examples of (X) region 
sequences are given in Tables VIII and IX belcv. 

Alternatively, 7 sequences can be, for 
exarple, C-terrinal to Th-S?10(X) sequences. 
Moreover, Th, S710 and (X) sequences can be 
arranged in any order in the peptide construct. 
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Tna synthetic peptide isaunogen of this 
eabodisent of the invention is capable o* inducing 
anti-HIV neutralizing antibodies, anti-EIV helper 
T cells, and anti-HIV cytotoxic (killer) T cells. 
One skilled in the art vill appreciate that this 
iaaunogen (vhica is a fusion protein) can either 
be synthesized chesically or by reconbinant means 
knovn in the art. 

She iaaunogen can have, for exaaple, the 
structure: P-T1-SP10- (A) . fihile examples of such 
iaaunogens are given in Tables in and IV, one 
skilled in the art vill appreciate that any S?10- 
,like sequence froa field or laboratory HIV 
isolates (for exaaple, LaRosa et al Scie-et. 
249:332, 1590) can be substituted for the SP10 
sequences shown in Tables III and IV (see also 
Tables I and II) . 

The Tl-like sequences can be selected 
froa Tl-hoaologcus sequences fron any sequenced 
HIV isolate including those shown in Table VI. 
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TA3LZ VI 



HIV Envelope cpl2Q Tl Sciences Frcnt Multiple. HIV Helaces 



Sequence 




BHiO/HB 

BRO 

KM 

SC 

ST7 

CDC4 

KMJ2 

RJ 

ELI 

HXLi 

26 

Z3 

2321 
JT1 

K2V-2 



KQIIHMWQEVGXAMYA 
.. p . . . ...... .... 



EI - 

• I - 

• I - 

• I - 

• I V 

• I - 
- I - 

• I - 
•VVRT ■ - G 

•IV R 

•I G 



• V A G : R 
--XT- 



- I - 



- Q 
' Q 



RCO 
NIKZ 



XQIINTHHKVGRHVYL 
R R • ♦ X • L • • 



: ■ no asinc acid. 

The F-like sequences can be selected froc 
7-hc=clocous sequences fror any sequenced HIV 
isolate, including these shovn in Table VII 
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HIV Isolates 



Isolate 
Hrv-i 

BH10 
MN 
SC 

sri 

CDC* 
WHJ2 
US 
ELI 
HAL 
ZS 

ZJ21 
JY1 

HIV -2 

RCD 
NIKZ 



Sequence 



A V G 
A A : 



IGALFLGFL 



T 
I 
X 
T 
T 



: L 
: L 
: L 
« : 
: L 
A - • 



K 

M 

H 

M 

H 

M 

H 

H 

F 

V 

H - 



RCVFVLGFLGFL 



la from Brasseur «t »■> frn* • * fK "' 1 s «<P»*JJca 



no aaino acid. 



»• (A) recicn-lUce sequences can be 
selected fro. (A) -hcnolc^ous sequences fron any 
HIV isolate, Including those shown in Tables II 
and VIII. 
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TABLE VIII 



S? 10 AND SP10-LIJ3 and (A) RSGIOtl gpl20 S3QC3MC3S 
FSOM KULTIPL2 HIV IS0LAT2S 



taolaee s?io Region 

4iv-i : 



(AJ Region 



TH10 (12 13) 
i? 

sc 

WMJ-3 
AXV-2 
LAV-1 



c 


T 


R 


P 


N 


N 


H 


T 


R 


X 


S 


I 


R 


X 


Q 


R 


G 


P 


G 


c 


T 


R 


P 


N 


Y 


K 


X 


R 


X 


R 


X 


K 


X 


G 


P 


G 


R 


X 


c 


T 


R 


P 


N 


N 


K 


T 


R 


X 


S 


X 


T 


K 


G 


P 


G 


R 


V 


c 


T 


R 


P 


H 


N 


H 


T 


T 


R 


s 


X 


H 


X 


G 


P 


G 


R 


X 


c 


T 


R 


P 


N 


N 


N 


V 


R 


R 


R 


R 


I 


E 


X 


G 


P 


G 


R 


c 


T< 


R 


P 


y 


N 


H 


V 


R 


R 


S 


L 


S 


X 


G 


P 


G 


R 


X 


c 


T 


R 


P 


N 


0 


I 


X 


R 


R 


R 


X 


B 


I 


G 


P 


G 


R 


X 


c 


T 


R 


P 


N 


K 


H 


T 


R 


X 


S 


X 


Y 


X 


G 


P 


G 


R 


X 


c 


T 


R 


P 


N 


H 


M 


T 


R 


X 


S 


X 


R 


X 


Q 


R 


G 


P 


G 





R 


XT 


V T X 


G 


X I 


G 




F 


Y T 


TX K 


I 


I G 




Y 


X 


T G 


Q I I 


G 


0 




Y 


X 


T G 


D I I 


G 


D 




P Y 


T 


G B 


I R G 


K 






R 


T 


R B 


I X G 


X 






Y 


T 


G X 


I I G 


H 






E 


T 


T G 


R X I 


G 


0 






R 


X P 


V T I 


G 


X I 





HIV- 2 

CKRPGNKTVKQIMLHSCHVPHSKY Q P I H X R p R Q 



Sequences froa BH10 (IH3) are froa Ratner ct al 
fiafiJira 313:270-284, 1985. 

The invention further relates to a 
peptide ceaprising the P region sequence (that is, 
lor exaaple, aaino acids 519-530 of the BH10/III3 
isolate or other honologocs region in other RTV- 
1, HIV-2 or SIV isolates) froa HIV gp4i placed 
(covalently linked) H tersinal to SP10 or S?10- 
lixe regions froa any HTV sequence (see, for 
exaaple, Table II) froa field isolates such that 
the resulting construct can induce neutralizing 
antibodies and cytotoxic T cells against HTV. 

One skilled in the art vill appreciate 
froa a reading of the present disclosure that KHC 
Class I restricted cytotoxic T cells can be 
induced by adainistering in vivo , as an exaaple, 
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the 519-530 aaino acid region of HIV gp U , 
consisting of the 12 a=ino aclds . AV cicaIfu=7L 
(F) or F-region sequences of other HIV-l, HIV-2 or 
SIV isolates (see, for exa=ple, Table VII) that 
are hcaologocs to the 513-530 aaino acid sequence 
of isolate BH10/III3 (Table VII) , covalently 
Hnked to M y other peptide ranging in Ungth 

ST; frvT* 1 *' 3 ta 50 uino acids ' «** 

the F-lin*ed peptide v iU associate with antigen- 
presenting cells in such a way as to effect th. 
processing and presentation of the synthetic 
Peptide that is covalently linked to F so that the 
peptide is presented to T cells in the context of 

Class 1 "olecules and generates the 
develops of CD8+ cytotoxic T cells vj^. Ia 
the context of an efficacious AIDS vacc'ne 
several F-derivatized hybrid HIV peptides can be 
constructed c= C ~ising the ? erinc acid seguence 
(see, for example, Table VII) coupled K or C 
te..inal to an azino acid sequence of KIV proteins 
that are capable of inducing cytotoxic T cells ^ 
mj. Exarples cf described HIV peptides that are 
capable off being recognized by KLA Class I 
cytotoxic T cells are s-ovn in Table IX. 



27 



PCT/US96/169I1 



AS 

a 



o -4 h 3 « r« 




u u g juun 
eoe w w u u u u a 

&aaaaaooccoo« 



n a 
e c 



e « >, 

> - • 

n 4J 

••HQ 

r* h • 

H f ft 

« o « 

c u c\ O 
S C O ffv 
ft H 

c c % 
« %trt 
i; «h c 
« o h ^ 
, ^ rt n 

b H CV •» 
C -4 - « 

C 0 >0 c 
JJ W « 

a 



o 

CV 



4J ^ 



t -a o tj 



WO 97/14436 PCT/US96/16911 



28 



This latter strategy is iapcctaat in that 
cytotoxic T cell epitopes are recognized by 
specific polymorphic HLA Class I or Class II 
molecules. If only 1 such epitope (represented by 
one linear sequence of a peptide, such as the (A) 
peptide] is present in the vaccine, then only 
these individuals vith the specific HH antigen 
that the (A) peptide uses to be presented to 
cytotoxic T cells would develop cytotoxic T cells 
against HIV. However, if numerous F-derivatized 
peptides, each containing a peptide that is 
capable of being recognized in the context of a 
distinct H1A Class I or Class II molecule by 
cytotoxic T cells, are contained in an issunogt* 
then individuals with a wide s?ectru= cf ELA-types 
will uke cytotoxic T cells against KIV. 

Thus, an i=sunegen capable of inducing 
anti-Hiv cytotoxic T cells in the majority cf 
P«cple in a population, advantageous lv contains a 
mixture of peptides, each recognized by a distinct 
KLA Class I type (for instance) such that 
together, the aixture includes peptides that are 
immunogenic end recognized by Class I types of 
aolecules that, taken together, are expressed by 
the majority cf individuals in a given population. 
Table IX shovs exaaples of described cytotoxic T 
cell epitopes and their HLA restricting elements,- 
if known, that are the types of peptides that can 
be derivatized by F-sequences and used as a 
mixture vith F-T1-SP10 (A) peptides. Alternatively, 
sequences in Table IX can be ccvalently linked C- 
terminal to S?10 sequences in ?-Tl-S?l0 peptides 
instead of (A) sequences and a nixture of F-Tl- 
S?10(X) peptides used as an AIDS vaccine (in the 
formulation F-Tl-SPiO(X), X is either an (A) 
sequence (see Tables II and VIII) or ether 
cytotoxic T cell-inducing sequence such as are 
listed in Table IX) . 
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The tasa considerations of xhc 
restriction that apply to I cytotoxic epitopes 
also apply t T helper epitopes. That is, 
recognition of antigens by I helper calls is HIA 
restricted and for the majority of meabers of a 
population cohort to respond to an iaauncgen and 
generate a T helper call response to the 
iasunogen, sufficient T helper cell epitopes will 
need to be present in order to have available 
sufficient varieties of I helper epitopes within 
which each patients' T calls say be able to sea 
processed antigen in the context of their ova HIA 
Class II aolecules. Table X shows T helper cell 
epitopes of HIV proteins that can be substituted 
for the Tl or T2 sequences in the F-Th-S?10{X) 
construct to provide alternative T helper cell 
epitopes in the construct. 
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TA3LZ X 

T Call Helper Epitopes in HIV Proteins 

I 

Pidgin Bes^cndino 



Peptide 


Arino 


Ha-* 


XciA 


gp4l-i 


603-514 


gp+l-2 


609-620 


gp4l-3 


655-667 


gp4i-5 


737-749 


gpU-7 


534*609 

• T W ^ 


gpiio-l 


108*119 


gpl20-2 


115*1*6 


gp!20-4 


296-311 


gpi20-5 


363-377 


g?120-6 


74-35 


gp 120-7 


233-244 


P24-1 


466-473 


p24-2 


439-446 


P24-3 


223-235 


p24-4 


22-29 


p24-ll 


282-301 


pol-1 


89S-913 


pol-2 


923-937 


pcl-3 


542-954 


pel-* 


720-730 


Tl 


428-443 


T2 


112-124 


TH4 


834-343 


pit 


315-329 



gp41*l + gp41-2 + gp41-3 
pol-1 + pol-2 + pol-3 
gp41-l +gp41-3 + pol-1 + 
T1+T2 



g?4i 


41 


gp^i 


42 


?p<i 


38 


gp<i 


21 


gp<i 


24 


gpi20 


31 


gpi20 


33 


gpl20 


14 


gpiso 


21 


gpi20 


7 


gpi20 


7 


p24 


14 


p24 


14 


p24 


14 


P24 


14 


p24 


24 


pol 


23 


pol 


33 


Pol 


43 


pol 


35 


SP120 


77 


epl20 


54 




75 


5? 120 


50 




SO 




80 


Fd-2 


93 




85 


20 peptides 


aicve are 



S-Ji S5 l#r 6t al CiJsaiUal. 142:1166-1176, 
;J:! } ( -? nd t $ ? T: ! nc " «i «, Th4 and p 18 are 
frc= Clerici et al f Vaturg 339 :383-385, 1989) . - 

Studies indicate that the sase T helper 
cell epitope say be recccnized by T cells in the 
context of multiple HIA Class II specificities 
and, therefore, only a fev T helper epitopes are 
needed to forsulate an effective synthetic peptide 
based AIDS vaccine. Clerici et al f Haturi. 
339:383-385, 1939) have provided data that T cells 
of 85% of the population studied could recognize 
either T2 or Tl T helper cell epitopes (see Table 
X). Schrier et al (J. T^unol . 142: US6-H76, 
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1985} have identified a nuaber of helper t call 
epitopes in HTV proteins and demonstrated that T 
cells of S3* of the population studied responded 
to at least 1 of 4 T helper cell epitopes (sea 
Table X]. 

Thus, in a preferred embodiment, the AIDS 
vaccine of the present invention has the general 
structure and composition of mixtures of peptides 
of the formulation: 

r-Th-s?io (X) 

Ta-S?10 (X) 
Th-S?10 
and 
F(X) 

vhere, as indicated above, P sequences are froa 
the putative fuscger.ic domain of HIV er.v gpu (for 
example, amino acids 51S-530 in HIV isolate 
BK10/III2 cr homologous regions in other HIV-l, 
HIV-2 cr SIV isolates, cr sequences functionally 
equivalent thereto) (see, for example, Table 
VII); Th sequences are either the Tl cr T2 T 
helper epitopes or alternatively are any of the T 
helper cell epitopes listed in Table X or amino 
acid sequences from other regions of KIV proteins 
not listed but that function as T helper epitopes, 
S?10-li3ce sequences are froa Tables I, II or VIII 
cr froa any S?lO-lijce sequence froa KIV field 
isolates (see, for example, LaJlcsa, C. et al. 
Science 249: 932-935, 1990); and (X) sequences are 
HIV protein sequences recognized by KiC Class I or 
Class II restricted cytotoxic T cells. Ixampless 
of (X) region sequences are given in Tables VIII 
and IX. 

The exact sequences to be included in the 
F-Th-S?10 (X) , Th-S?10(X), Th-S?10 and F(X) 
peptides and the number of different peptides 
comprising the AIDS vaccine of the invention is 
determined by the number of cytotoxic T cell (X) 
and Th epitopes needed to induce cytotoxic T cells 
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and T helper cell responses in the zajority of 
subjects in a given population cohort. One 
skilled in the art will appreciate that the order 
of F, Th 9 S?10 and (X) can vary as Ion? as the 
above-indicated function of each is retained. For 
the induction of protective anti-HIV neutralizing 
antibodies, the specific S?10-li3ce sequences 
necessary to be present in F-Th-S?10(X) peptides 
vill depend upon the nuaber of variations of HIV 
isolates in a given population at a given tise. 
One skilled in the art will appreciate that this 
information vill need to be actively and 
.continuously rcnitored in the population and the 
f emulation of the AIDS vaccine changed frcs tire 
to tine depending cn changes in the abcve 
variables. 

The. induction cf protective anti-HIV 
neutralizing antibodies in peculations that include a 
number of different EIV isolates can he ef feezed usinc 
the vaccine strategy described above and/or by 
employing at least one peptics construct that mimics a 
conserved conf ormaticaal determinant cf gpi20 and thus 
is capable of inducing broadly cross -reactive anti-H™ 
antibodies. One such construct takes the form cf a 
mimeotope of a conformational determinant of the native 
EIV g?l20 C4-V3 region and is exemplified by Tl- 
S?10CANO(A) (see Table XXIII) . While the primary V3 
sequence of the CANO envelope is widely disparate from 
other EIV envelop V3 sequences (see again Table XXIII) , 
the T1-SP10CANO (A) peptide induces cross-reactive anti- 
V3 antibodies against a variety of EIV V3 motifs (see 
Example 11) . This induction of cross -reactivity is due 
to secondary and higher crdsr structures of the V3 locp 
of the EIV CANO isolate that result in the Tl- 
S?10CANO(A) C4-V3 hybrid mirroring a broadly 
neutralizing determinant of EIV gpl20. This is 
demonstrated by the fact that the human aati-cpi20 
mcncclonal antibody 43d (which blocks mouse monoclonal 
antibodies that prevent CD4 binding to gp!2C but does 
not itself block c?l20-CD4 binding (Thali et al, J. 
Virol. €7:2975-3953 (1933)) binds T1-SP1CCANO (A) . 
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As an alternative eabodiaent (strategy), 
an effective vaccine can be foraulated by 
determining the HIA class I and Class II types for 
a particular individual by, for exaaple, either 
polymerase chain reaction analysis or by 
conventional H1A tissue typing analysis'. Based on 
that information, the specific iaauncgens that 
need to be included in the F-Th-S?lO (X) t Th- 
S?10(X), Th-s?lO and P(X) formulation can be 
determined. Thus, in this latter eahc-diss.nt, the 
peptides given to the subject are these necessary 
for eliciting the desired anti-Kiv B and t cell 
responses. 

From a reading of the foregcinc, one 
skilled in the art vill appreciate that this is a 
general strategy fcr developnent of a vaccine for 
any infectious disease. Moreover, the ability to 
conjugate the F-regicn frca the HIV gu envelope 
protein ta any sequence capable of being 
recognized by cytotoxic T cells (thereby creating 
a linear peptide suitable for injectisn and 
capable of being recognized by cytotoxic T cells' 
in the context of HHC Class I molecules) provides 
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a simple and effect ive method of inducing XKC 
Class I restricted cytotoxic T call* to any 
peptide bearing cytotoxic T call epitopes. This 
is the case regardless of vhether the sequence of 
the cytotoxic T cell epitope is derived froa 
protains in an invading organise or whether the 
cytotoxic T call epitope sequences are derived 
frca host proteins. 

As an example of the use of P-derivatized 
peptides that include sequences fron host 
proteins, it is contemplated that F-derivatized 
peptides can be used comprising KIV gp<i j 
.sequences (for example, amino acids 519-530 fron 
the BK10/IH3 HIV-l isolate or from hczclogcus 
regions of ether HIV-i, KIV-2 or SIV isolates, or 
sequences functionally equivalent thereto) 
conjugated either H- or C-terminal to peptides 
capable of being recognized by cytotoxic T caUs 
in the context of XHC Class I or Class n, the 
sequences fcr such peptides being derived frcm the 
variable region of T cell receptor for antigen 
(TCS) nolecules expressed on the surface of 
autoreactive T cells that nediate host tissue 
destruction in various autoimmune diseases, 
infectious diseases and in the setting cf organ 
transplantation. 

Sun at al (Fay.^e 332:843, 1983/ Eut, 
J. Ippunol ,. 18:1993, 1983) have reported the 
isolation of cytotoxic T cell clones that are 
specific fcr idiotypic determinants on 
encephalitcgenic T cells and which adoptively 
transfer resistance to experimental autoimaune 
encephalomyelitis. The concept of immunization of 
subjects with autoimmune disease with imzuncgens 
that vould induce an immune response against the 
autoimmune clone of t cells has recently been 
recognized as an important experimental approach 
Reviewed on Cohen et al Imr,u. e l . t«h,v 222, 198a- 
Hovell et al 2 < S:663/ 1939; ffriltt ^ 
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Sail 57:709, 1989). Thus, the present Invention 
provides a sisple and effective aethod for 
inducing KiC-rastricted Class I cr class II 
cytotoxic T calls to peptides of host antigens and 
thus represents a major advance in the development 
of vaccines for autoimmune disease. 

Using standard recombinant DHA techniques 
and existing probes and sequences for TCS molecule 
antigen binding regions, sequences can be obtained 
froa unique regions of the TCR molecules (Barns «t 

Jt gyp- Jisii. 169;27, 1989). ?-derivatized 
peptides can be used to induce a cytotoxic T eell 
.immune response targeted to the specific clones of 
T cells bearing TCSs responsible for antigen- 
specific T call-mediated hest tissue damage in the 
above disease catagcries. Cnce induced, such an 
7-peptide-inducad anti-TCR-targeted cytotoxic T 
cell response can eliminate the autoreactive clone 
or T cells, thereby providing a novel, highly 
specific strategy for the control of T cell- 
mediated tissue destruction. 

A second example ci the use of F- 
derivatized host peptides is to similarly control 
antibecy-mediated tissue darage that occurs in the 
context of autoimmur.a diseases, infectious 
diseases, and in the setting of organ 
transplantation. B cell surface receptors for 
antigen (surface immunoglobulin) also contain 
regions that are specific for clones of B cells 
making antibodies. By identifying clones of B 
cells producing antibodies responsible for tissue- 
specific damage in the setting of the above 
disease categories, the sequence of peptides froa 
the region of the B cell immunoglobulin molecule 
that binds antigen can be identified using, foe 
example, recombinant DHA techniques. Further, 
sequences capable of inducing HHC Class I or Class 
II cytotoxic T cell responses can be identified. 
By derivati:i-g such an immunoglobulin antigen- 
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binding region peptide vith 7 sequences and 
injecting the F-derivatiied peptide into the 
subject making the autoantibody, a cytotoxic T 
call response against an autoantibcdy-producing B 
cell can be induced, thereby eliminating a tissue 
damaging autoantibody response that occurs in the 
context of the above disease categories, 

X third example of the use of F- 
derivatized non-HIV proteins is the use of the 
principles described above for specific 
elimination of autoreactive T and B cell types for 
the treatment of clonal B and T cell malignancies 
that express on their surface clonal 
immunoglobulin or TCR molecules. Ant i- tumor 
therapeutic strategies have been described that 
employ antibodies against variable regions of 
either B cell surface immunoglobulin molecules 
(Hamblin et al grit. J. Cancer 42:495, 1930; 
Killer et &1 K. Tx. J. *ed. 306:517, 1182 J or . 
antibodies against variable TCR regions in the 
case of treatment of T cell tumors (TTanagava, 0. 
J > ?xt> . Xed . 170:1513-1519; 1939) . Thus, F- 
derivatized synthetic peptides containing the 
sequences of variable regions of the 7C3 or 
immunoglobulin molecules expressed on the surface 
of T or B cell malignant cells respectively, can 
be injected into the tumor-bearing hcst to induce 
anti-TCa or anti-i=muncglcbulin-specif ic cytotoxic 
T cell responses that kill the tumor cells. 

A fourth exarple of the use of F- 
derivatized non-HIV prsteins is the creation of an 
immunogen that kills pathogen-infected cells and 
thus facilitates the elimination of pathogen- 
infected cells from the host. For example, 
Hepatitis C (non-X, non-3 hepatitis] is a disease 
that is caused by the transfer of viral particles 
in cells or in serum from one individual to 
another. By F-derivatiring cytotoxic T cell 
epitope sequences of the Hepatitis C virus protein 
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end injecting such sequences into individuals, 
sesory ant i -Hepatitis C specif ic cytotoxic T call 
responses can be induced that protect the 
individual f roa infection vith live Hepatitis C 
virus, thus providing a novel Hepatitis C vaccine. 
Such a strategy can also be used to create a 
vaccine for other infectious pathcgens. 
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Much of the foregoing disclosure focusses on the design of T 
helper cell epitope (Th) -B cell epitope (B) peptides derived from 
non-continuous regions of HIV gpl20 (Palker et al, J. Immunol. 
142:3612-3619 (1989); Haynes et al, J. Immunol. 151:1646-1653 
(1993)). The Tl epitope from the gpl20 C4 region has served as a 
potent Th epitope in Th-B synthetic peptide design (Pal-Ice r et al, 
J. Immunol. 142:3612-3619 (1989); Cease et al, Proc . Natl. Acad. 
Set. USA 84:4249-4253 (1987)) (see Table XXVIII). A region from 
aa 262-281 from HIV p24 core protein, YKRWI ILGLNKIVRMYS 
(designated GTH1 in Table XXVIII), has been reported to be a 
potent cytotoxic T cell determinant (Johnson et al, J. Immunol. 
147:1512-1521 (1991); Nixon et al, Nature 336:484-486 (1988); 
Meyerhans et al, Eur. J. Immunol. 21:2637-2640 (1991) and a Th 
determinant (Mills et al, Vaccines 90:213 (1990)). The presently 
described embodiment relates to a polyvalent mixture of synthetic 
peptides that are highly immunogenic and that induce antibodies 
against native HIV env gpi20 or gp41. 

The present embodiment results, at least in part, from the 
realization that immunogenic peptides reflective of points of 
contact between HIV gpl20 and gp41 (termed "gp!20/gp41 
touchpoints") together provide antibodies against multiple sites 
on native gp!20 and gp4l, and thereby facilitate the dissociation 
of gp41 and gp!20. Dissociation of gp41 and gpl20 promotes the 
neutralization of HIV primary isolates by these antibodies. 

A number of sites have been identified on gp!20 or gp4l that 
are involved in, or regulate, the interactions of gpl20 with gp41 
(see Figure 31, Table XXVIII) . These sites include: the gpl20 
V3 loop region (Willey, R.L. and Martin, M.A., J. Virol. 67:3639- 
3643 (1993)), the gp!20 C2 region centered around asparagine at 
aa 267 (Willey, R.L. and Martin, M.A. , J. Virol. 67:3639-3643 
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(1993)), the C-cerminus of gpi20 (Neurath et al. Virology 188:1- 
13 (1992); Schulz et al . Aids Res. Human Retrovirol. 8:157i-i5 8 o 

(1992) ; Lopalco ec al. Aids Res. Human Retrovirol . 9:33-39 

(1993) ; Lopalco ec al, Eur. J. Immunol. 23:2016-2021 (1993)). and 
a region of gp41 centered around the aa sequence AVERY (Reitz et 
al. Cell 54:57-63 (1988); Neurath et al. Virology 188:1-13 
(1992); Schulz et al. Aids Res. Human Retrovirol. 8:1571-1580 

(1992) ; Lopalco et al, Aids Res. Human Retrovirol. 9:33-39 

(1993) ) . The "AVERY" region of gp41 has been demonstrated to 
interact with the C5 C-terminal region of gpl20 (Neurath et al. 
Virology 188:1-13 (1992); Schulz et al, Aids Res. Human 
Retrovirol. 8:1571-1580 (1992); Lopalco et al, Aids Res. Human 
Retrovirol. 9,33-39 (1993)) and A. Beretta has reported that 
antibodies against the C5 gpi20 region can "loosen" the 
gp41/gpl20 interaction and thereby inactivate HIV (Fust et al, 
Immunol. Today 16:167-159 (1995)) . Whether the C- terminus of 
gpl20 by itself induces anti-HIV neutralizing antibodies is 
controversial. Some investigators have found anti-gpl20 

C- terminus antibodies neutralize HIV (Broliden et al, Proc . Natl. 
Acad. Sci. USA 89:4 61-465 (1992); Kennedy et al, J. Biol. Chem. 
262:5769-5774 (1987); Chanh et al, EMBO J. 5:3065-3071 (1986) 
while others have not (Palker et al, Proc. Natl. Acad. Sci. USA 
84:2479-2483 (1987); Laal et al , J. Virol. 68:4001-4008 (1994); 
Karwowska ec al, AIDS Res. Human Retrovirol. 8:1099-1106 (1992); 
Vahlne et al, Proc. Natl. Acad. Sci. USA 88:10744-10748 (1991)). 

An important new region for neutralizing both laboratory- 
adapted and primary HIV isolates is located in gp41 near the 
membrane spanning region, containing the sequence, ELDKWAS 
(Muster et al , J. Virol. 67:5542-6647 (1993); Conley et al, Proc. 
Natl. Acad. Sci. USA 91:3348-3352 (1994)). Although human 
monoclonal antibodies against this region of gp41 rsportedlv 
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neutralize primary HIV isolates, this region has been poorly 
immunogenic in humans and animals (Conley et al, Proc. Natl. 
Acad. Sci. USA 91:3348-3352 (1994)). Muster et al (J. Virol. 
65:6678-6686 (1995)) have succeeded in raising ant i - ELDKWAS 
antibodies but only after expressing the ELDKWAS sequence in a 
chimeric influenza virus and using the resulting virus for 
immunization. 

The peptides listed in Table XXVIII are against certain HIV 
strains (HIV MN or BAL) . For effective neutralization of HIV 
primary isolates, it is advantageous, for each peptide 
specificity, to also construct peptides reflective of known 
mutations in the indicated epitope. Such a listing can be found 
in the current Los Alamos Database (G. Myers and B. Korber, Eds. 
1993, Los Alamos National Laboratory, Los Alamos, NM) , portions 
of that information also being accessible through Genbank) . Table 
XXIX described a peptide combination that induces ant i -HIV 
antibody responses that synergize in neutralizing HIV laboratory 
and clinical isolates . 
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TABLE XXIX 



Peptide Combination that Induces Anti-HIV Antibody Responses mat Synerbize 
in Neutralizing HIV Laboratory and Cfinical Isolates Y ^ 

GTH1-SP10(A) OR T1-SP10(A, (TO INOUCE ANT1^ P 120 V3 REGION ANTIBODIES) 
GTH1-SP61 (TO INDUCE ANTI-ELDKWAS gp41 REGION ANTIBODIES) 
SP400 (TO INDUCE ANTI-A VERY REGION gp41 ANTIBODIES) 
SP-410 (TO INDUCE ANT1-CS REGION gp120 ANTIBODIES) 
T1-SP420 or GTH1-SP420 (To Induce AnfrC2 g P 120 Region Antibodies) 



36 f 



The follcvia? acalimi ting examples 
illustrate the inveatica La acre detail. 

EXA«L£ 1 
Synthesis at Peptides and 
?reearaelgg cf Ccn*ucatss 

Synthetic cssineially pure peptides 
containing hydrophills i=Lac acid sequences 
ST'-V-:it 3 envelope ^iycccrstei.-. e?120 {Sitae 
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al. Hature i 313:277, 1985) were synthesis on an 
Applied Biesys terns 430A peptide synthesize: using 
chemical and program cycles supplied by the 
manufacturer. Sequences of synthetic peptides are 
given in Table XI • 

TABLE xi 



SYHTSTTIC PEPTIDES WITS HDROPSZLIC AMIKO ACID 
SEQCENCES OF ETLV-IIIj EKV5LCPE PSCTEIN 



Synthetic 


Amino Acid 


S«quencs b 


Peptide 


Huaber* 




S?-i 


80-91 


ACVPTDrHPQEVm 


10 


303-321 


CTRP KKKTaX sir:c=g?c(Y) 


10A 


328-344 


(YJGXIGHKSQASCXiSaAX 


11 


341-363 


( Y ) SRAXVMHTLXQ IOSKLRZQFGMH ( C ) 


14 


393-421 


( Y } HSTQLFNSTHrKSTrfSTKGSJRfTSGSOT 1 { C ) 


IS 


461-47S 


{ T ) LT2CGCNS NN I£ 1 1 F [ C ) 


22 


S04-S18 


*mAmwQMK(C) 



According to Ratner et. al., Nature, 313:277, 1985. 



°Aminc acids in parentheses were added for icdination of 
peptide (Y) and coupling to carrier protein (C). 

The relationship of the peptides 
synthesized to known recombinant proteins PE3, P2I 
and PZNV9 is shown in Figure 1 (rutney et al., 
Science , 234:1392, 1986; Pe:teway et al., Viruses 
and Human Cancer: UCLA Svaocsia cn Molecular and 
Cellular Biology 1987). 

Peptides were conjugatac to carrier 
molecules such as bcvir.e serum albumin (ISA) or 
tetanus toxoid (TT) with H3S, as described by Green 
et al. (Cell, 23:477, 1982; Palxer et al, ?roc. 
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Natl. Acad, Sci. fOSA) 84! 2479, 1387). For the 
coupling procedure, 24 eg cf tetanus toxoid (for 
exaaple) in 0.5 al of phosphate buffered saline, pE 
7.2, vas incubated with 1 mg of MBS dissolved in 
100»1 of dimefchylforaaaide for X hr. at 23 # C. 
Tetanus toxoid treated with HES (TT-M3S) vas then 
subjected to sieving chromatography on a PO-10 
(Pharaacia) coluan to resove unreacted K35 frca TT- 
H2S, and fractions containing TT-HBS were recovered 
i;i the void volume of the column as determined by 
spectrophotometry assay at an optical density cf 
2S0 na." TT-HSS was then incubated with recking at 
23*C for 3 hr. vith 6-5 ag cf synthetic peptide 
(molar ratio 30:1, peptide carrier protein) in PSS 
containing reduced cysteine at either the carbcxyi 
cr amino terainus. TT-peptide conjugates were 
dialyted overnight at 4 § C against PSS or again 
desalted on a FD-LO ecluan and were used as an 
immuncgen. 

Conjugation*©! peptides to 8SA cr tetanus 
toxoid' was monitored by subjecting conjugates to 
sodium dodecylsulfate-pelyacrylaaide gel 
electrophoresis (SOS-PAGZ) under non-reducing 
conditions and by measuring the increase in apparent 
molecular weights ever that cf 8SA and TT treated 
with MBS . Coupling efficiencies also monitored by 
trace iodinaticn cf peptides varied from 10-3<n 
depending on the peptide. 

EXAMPLE 2 

Reactivity of AIDS Patient Antibodies 
To Synthetic Peptides 

Synthetic peptides derived frcm hycrcphilic 
regions of gp!20 coupled to SSA were used as 
antigens in a radioimmunoassay (RIA) with EIV+ 
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patient sera (H=12) and normal serum control (N=4), 
to evaluate the AI3S patient antibody response to 
epitopes on gpl20 (Figure 2) (Palker et ai., 
Immunol. 136:2393, 1-946; ibid, Prce. Mat'l. Acad. 
Sci (PSA), 84:24.79, 1987). The majority of EIV* 
patient sera reacted with two synthetic peptides, 
S?-18 (9/12, 751) and SP-22 {8/12, 67%). 

Results are expressed as a ratio (S/C) of 
duplicate cpn values obtained with experimental (E) 
AIDS sera and ccr.trol (C) serum samples. E/C > 3.0 » 
positive. 

EXAMPLE 3 

Reactiv-it v of C al20 tc Antibodies from E:v> Patient 
Purified Over Synthetic Peptide Affinity Columns 

For preparation of affinity columns, 
synthetic peptides containing amino acid sec^iences 
frea BTLV-Iix g 5?l2 0 (SP-10, 10A, 11, 14, IS, 22, 
see Figure 1) were coupled to BSA and then 
covaiently linked to CUSr-activatsd Sepharose. 
Serus alicuots (2al) frca an EIV seropositive 
patient were then passed over each column and the 
antibodies that bound to the affinity columns were 
then tested for reactivity to purified 12S I-labelled 
RLV-Ili- gpi2o in RI? assay (Figure 3A) and for 
reactivity to the surface of E-S cells infected with 
ETLV-:n_ in indirect i2mur.eflucrescer.c2 assays 
(Figure 33). 

A) In RI? assay (Palite: et al . , ?rcc. 
Mat'l. Acad. Sci [PSA) 84:2479, 1937; ibid. 
Immunol . 136:239 3, 1986), bound antibodies from the 
SP-10 (lane 1), SS-10A (lane 2), SP-11 (lane 3), and 
S7-22 (lane 6) affinity columns reacted -ith g?120- 
III a in RI? assay, with antibodiss from the S?-10 
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calunn showing the greatest reactivity to g?120- 
III B . 

B) Mien tested in PACS analysis {Shapiro, 
Practiced Plow Cytometry. Alan R. Liss Pub., HI, NY, 
1985 j, antibodies reactive with synthetic peptide 
S?-10 bound to the surface of HIV-infected cells 
while binding of affinity purified antibodies to S?- 
14 or to S?-10A, 11, IS or 22 (not shown) was not 
detected. These data suggest that the antigenic 
s.ite(s) defined by SP-10 are accessible to antibody 
binding when gp!20 is present on the surface of Em 
cells. 

EX A"? IE 4 

Neutrali ses icn of EIV bv Ccat Ar.ti-S?-10 Ar.tisera 

Goats were immunised subcutaneous iy with 
28ag off tetanus toxoid S?-10 conjugates (S7-10-T?) 
in Preunds complete adjuvant (days 0) ffoilswed by 
biweekly inoculations in i.-.ccaplete Preunds adjuvant 
{days 14 and 28). Serum samples were collected 
after the seccnd immunization and tested for the 
ability to inhibit (i.e. neutralise) EIV infection ' 
of E-9 T cells in vitro as measured by the presence 
of reverse transcriptase (ST) activity in cell 
culture supernatants (Figure 4). Decreased cpn 
values obtained in RT assays reflect decreased 
levels of EIV after cccultivacicn of virus and cells 
for 10 days. 

When pre-incubated with 100 infectious 
units of E7LV-III-, gcat ar.ti-S?-10 antiserum 
neutralised the ability of SIV isclate ETlV-nig to 
infect E-9 T cells (• - ♦ , 50\ neutralisation titer 
* 1/14S). In ccntrast, serum collected from the 
same goat pricr to immunisation did not appreciably 
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neutralize ETLV-IIIg (O-O, 501 neutralization titer 

The original animal injected with SP-10-TT 
{whose serum neutralized ETLV-IIIg in reverse 
transcriptase assay} was subsequently injected with 
additional doses of SP-1Q-TT (0.5 mgAg body 
weight). The 50* neutralization titer rcse to 
1:1600 after two injections. Neutralization data 
frca these and other experiments with Sr-lQ-like 
peptides are shown in Table XII as th^sarusi 
dilutions that result in 801 rathe: than SOt 
neutralizations of EIV. 

In addition, a second scat was injected 
twice with Q.S cc/jcg doses of SP-10-TT. Serun frca 
the second gcat neutralized ETLV-IIIg at a titer of 
1:100. lapcttantly, both sera against Sr-iG-TT 
raised in gcats also inhibited ETLV-III B infectivity 
of T cells in the syncytiua-inhibition assay (Table 
XII) . 

The syncytiua-inhibition assay (Lifson et 
al., Hature 323:725, 1985) ceasures the ability of 
antibodies tc inhibit the fusion cf ElV-infected T 
cells, these expressing EIV gpl20 envelope protein 
on the cell surface, with CO 4 (T4)+ uninfected T 
cells. The CD4 (T4) molecule serves as the receptor 
for the AIDS virus (Haddcn et al., Cell 47 : 333, 
1386). The result of fusion of these tve cell types 
is the formation of giant ceils that are infected 
with EIV. In many instances, the result cf EIV 
infection of ceils and giant ceil formation is death 
of the infected cell (Zagary et al., Science 
231:850, 1986). 
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Therefore, the abcve-described ability of 
geat anti-SP-10 seta to inhibit ETLV-Illg 
infectivity in the syncytiua inhibition assay and in 
the reverse transcriptase assay, indicated that 
anti-S?-10 antibodies are capable of blocking the 
binding of HIV gpl20 protein to T cell CD4 (T4) 
molecules. In addition, gcat antiserum raised to a 
peptide [S?-10 R?(A) ] containing S?-10-liXe sequence 
from SI7 isolate ETLV-XII.^ Inhibited syncytium 
formation by ETLV-III--, but net bv ETLV-III-, 
indicating that type-specific antigens contained in 
SP-10 JLf(A) are suitable as vaccine components to 
raise antibodies that inhibit the interaction of 
ETLV-IIIgj gpI20 and T cell CD 4 {T4} molecules. 

EXAMPLE 5 

Induction of Antibodies Capable of 
Inhibiting HIV cal20-CD4 (TO Interactions 

A series of studies were undertaken to 
determine 1) whether the s?-lfl peptide conjugated 
either to bovine albumin o: to tetanus toxoid, 
exerted any inhibitory effect on antigen-specif ic, 
C04 (T4) dependent, T cell responses in vitro ; and 
2) whether the anti-S?-10 antiserum (described in 
Example 4) bound to human white blood ceil 
populations not infected with HIV. 

When the S?-10 peptide was added directly 
in vitro human uninfected peripheral blood 
lymphocyte cultures stimulated with tetanus toxoid, 
no inhibition of ncrsal T cell response to tetanus 
toxoid was observed (Table . 
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Table XIII 



SP-IC-TT and 3P-IQ-3SA DO HOT DIHIin 
AHTXC&f SPECIFIC ?10LIftUXIVI USKHStS 
Of HORKAL HUHXH ?OI?HOLAL BLO00 UOPSOCnXS 



Additive co 
Horsii Human 

Peripheral Blood Ho. I tzj. Ho. 2 

Ijsphocvtea 

io 

Culture . 



C?M I 10° Lynohocv.ts 



Media Alone 

TT Alone (1:32) 

SP-IQ-T7 Aloru 
(lst/al) 

SP-IC-T7 Claf/sl> ♦ 
TT (1:32) 

SP-10-2SA Alone 
(loj/al) 

SP-10-3SA (Isj/al) ♦ 
TT (1:32) 



3,900 
175,000 
285,300 

269,300 

3,500 

262,900 



3,100 
61,000 
100,400 

94,400 

33,100 

144,200 



TT=Tetanuj taxoid (Vyeth Laboratories, Philadelphia, Pa.)-, BSA-boviae seres 
aibueia. 

C?M « eouacs per ainuce of tritiateo th/aidine incorporation as 
described (Oeania* et al J. Issuttol. 133:630, 1937). 
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As seen in Table XIII, SP-lO-TT alone was , 
good an antigen-specific T cell activator aa TT 
alone. Moreover SP-10-TT and S?-10-SSA vhen added 
to TT alone did not inhibit TT induced proliferation 
by norsal T cells, in addition, anti-S?-id gcat 
serua did not bind to peripheral blocd lyaphocytes 
or aonccytes in indirect imaunof luoreacesce assay 
using flow cytof luorometry . 

These data indicate that the S7-10 peptide 
dees not perturb normal huaan T cell function that 
is dependent cn a functional CD4 (T4J molecule but 
dees induce antibodies that will inhibit EIV gpi20- 
CD4 (T4) interactions and neutralize EIV in reverse 
transcriptase inhibition assays. 

Thus, vaccines ccopri-;ing the s=ail 
synthetic S?-10-IiSce peptides [less than cr equal to 
about 35 amino acids in length) have distinct* 
advantages ever EIV vaccines comprising recombinant 
c?120, cr large subunits thereof, as the latter may 
interfere with normal immune function. 

EXA.HJLS 6 

Isolate specific neutralitation of EIV 

Synthetic peptide S7-10 has an aaino acid 
sequence derived free and unique to the g?120 
envelope protein of HIV isolates ETLV-i:: s and LAV, 
while other HIV isolates have varying degrees of 
differing amino acid sequences in their S?-10-like 
g?l20 envelope proteins. Synthetic peptide SP-1Q 
(that is, S?-10-IH a ) free the ETLV-III- isolate of 
EI7 was coupled to tetanus toxoid and used to raise 
anybodies in goats (0.5 ag of csnjugate per kg gcat 
body weight) as described by Palker et al. (?rcc. 
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Hat'l. Acad . Sci. (USA) 84:2479. Ccat 
antibodies raised to synthetic peptide S7-10 were 
tested Cor the ability to neutralize four different 
EIV isolates (Vig. 5A: ETLV-III S , fig. 5 S: E7LV- 
XII^, Fie. SC: ETLV-III^, fig. 50: ETLV-:iI sc ). 
Goat anti-SP-lO antiserum (•, pre-immune goat serum 
(0) and AIDS patient serum (I) all at a i/ 10 
dilution were first incubated with dilutions <10" 1 , 
10" , 1(T 3 ) of each virus isolate. Next, these 
virus isolates were tested foe the ability to infect 
E-9 T cells by cccultivaticn of virus and cells for 
10 days in vitrc . Levels of EIV present in cell 
culture supernatants after 10 days in culture were 
estimated by measuring a? activity in supernatants, 
*nd results are expressed as c?m values chained in 
R? assay. Increased c=s values in RT assay reflect 
increased levels of EIV in culture. 

As shewn in ?ig. SA, goat anti-S?-10 
antiserum inhibited (i.e. neutralised) E7-,7-lll 8 
infection of E-5 cells at a virus dilutic.-. of 
10 . Pre-immune gcat seruo did not inhibit FTLV- 
III B infection at the same dilution off virus. In 
contrast, gcat anti-S?-10 antiserum did net 
neutralize other isolates of EIV (Figs. 5 B-0J. 
AIDS patient antibodies neutralized all four 
isolates of HIV (?ig S . S A-0) , The data indicate 
that goat antiserua to synthetic peptide S?-10 
neutralizes the ETLV-IIIg isolate that obtains in 
its gpl20 envelope protein the amino acid sequence 
present in SP-10 . These data, along with data in 
Table XII, indicate that a vaccine comprising S7-10- 
like amino acid sequences frca a variety cf HIV 
isolates will be effective aeainst a wica spectrum 
cf EIV isolates. 
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EXAMPLE 7 



Binding of Coat Ar.ti-s?-io Scrt ... Tn 
E7L7-IH n > H at Hot To ett.^.tt^ - 
Infected E9 T Cells 

autow ^ " 4CtiVity C! *«tl-V-10 serun and 

e- ..e, un.nfected ES T cells, E9 t cell, infected 

Vlth EIV iaola t« WLV-IXI^ using flow 
cytofluorcsetry and a Coulter £?rcs V 
cytofluoccgraph (Saynes, I.raunol. Re y. S7: l27 , 

imi.^ 88 Ct al " Hgv Eac - J - *** 

jAt , - CCAt anti " S? ' 10 saru = fl«200) reacted vith 
! v ° f" ^"--I-*** » t cell, centred to 
E.LV-IH g-.nfected E9 cells incubated with control - 
(,rebieed) coat serun (1:200) (Figure CA) . Neither 
Scat anti-S?-10 nor control (prebieed) serun (1:50) 
reacted with noninfected E5 T cells (Figure 63). 
Wither control (prebieed) nor anti-S?-io serun 
(1:50) bound to E9 T cells infected with the E?LV- 
iUgp isolate of EIV {Figure 6C). 
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CM* Ototoxic T OU and B e»n 
Neutral {ring p>^ n , eg t» v<v 9 

In order to develop a synthetic peptide 
i=unogen that induces cytotoxic T cell responses 
to HXV in addition to inducing neutralizing 
antibody and T helper cell responses, a series of 
peptides were prepared reflective of regions of 
the KIV HH isolate that have included therein a 
defined cytotoxic T cell epitope (see Table III). 
These studies vere performed vith the HH Eiv 
isolate since it appears that this is the acst 
cosacn Frctotypic virus in the US at present (La 
Rosa et al Science 249:932, 1990) . 

Takahashi et al. f Science 246:118, 1989) 
have defined a cytotoxic T cell (CTL) epitope that 
includes aaino acids 322-326 (FYTTX) frcs the JET 
EIV isolate and includes aaino acids 323-329 of 
the E2VTH3 isolates (see Table IV) (Taxahashi et 
al J. Dn. y+<*. 170:2023, 1989). Thus, cne Tl- 
S?10 variant peptide sade was the T1-S?10XN(A) 
peptide vith the (A) signifying that aaino acids 
322-326 vere added to the existing KH S?10 region • 
of aaino acids 303-321 (see Table III) . Secondly, 
to sake a synthetic peptide that might insert into 
the cell aeabrane of antigen-presenting cells and 
therefore potentially be processed and expressed 
via KHC Class I solecules and therefore be 
reccgnlred by CDa+ CTL, the first 12 aaino acids 
of the gp4l HIV envelope protein (aaino acids 519- 
530 AVCIGALFLG7L in HIV isolate BH10/III3) vere 
csvalently linked N-terainal to T1-SP10 peptides* 
These asino acids (519-530) of HIV gp41 are highly 
hydrophobic. They have been postulated to be the 
P~i=*ry asinc acids that are capable cf Inserting 
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inta lipid sesbranes and to play a rola i.n the 
ability cf HIV to induce call fusion (Brassaur at 
al AIDS Ees. * m . v**^-^ | , t<T1 19ga)< 

Peptides vith this 12 asino acid gp41 sequence 
have the prefix F- before the naaa of the peptide 
(? for rusogenic region) (sea Tablea III and IV) . 
Bosch et al (SSissssi 244:694, 1989) have 
demonstrated that the hoaologoua region in SIV 
(CTFYLfiFLSFLATAC) to the 7 region in HIV 
(AVCIGAL7LG7L) is indeed the SIV fuaion envelope 
Feptide. Thus, it vaa postulated that F- 
derivatised peptides night also insert into 
antigen presenting cell aeabranes, the ?- 
derivatized peptides vculd be intsrnalired and 
C38+ ffiC Class I restricted C7L vould be generated 
la ZlZL following ionization with F-derivatized 
peptides. (Deres et al (2a£aZfi 342:561, 1989) 
have ahevn the conjugation of a fatty acid 

tripalsitcyl-s-glycerylcysteinyl-seryl-serine 
"iety to synthetic peptides can proeote synthetic 
peptide processing and presentation in the context 
ci KHC Class I rclecules and lead to generation of 
C38« CTL in vive .) 

A series of studies vere performed in 
Balb/c sice vith the kh series of T1-SP10 peptides 
(Table III) to coapare their ability to induce 
anti-peptide antibodies (see Figure 7), to ccnoare 
their ability to induce anti-Klv neutralizing * 
antibodies (Figure a), and to determine if any of 
these peptides could induce HKC Class I restricted 
C08 CTL vher. injected in nice In vj^ (Tables XIV 
and XV) . 
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TA3LZ XIV 



ASILTTf OP P-n-S?lCWf{A> PS2TID8 TO 
ZSD0C3 >G= OASS I-MSMCSED CM* OfTCKJXIC t CZLL3 
ELUffi Dl Bftlb/c JGCZ 



Tar9«t Call <a*a« I Typ«J 



% Specific «Cr toleaae 
»& 50:1 B/7 Xatie 



L51-78Y {H2*) 




0 


=o 

2 


grp. 3 

: 2 


T1-S?10KH(A) 


♦ LS1-78Y (H2 4 ) 


33 


47 


23 


TLA £E2 b ) 




3 


3 


4 


T1-S?1CKS{AJ 


♦ TiA (H2 b ) 


2 


4 


3 


T1-S210KHCA) 


♦ L51-7e7 + C 


32 


RD 




Tl-S?l«fll(X) 


* LS1-787 » t^r/:.2 + C* 


4 




» 


Tl-S?lMiU) 


♦ L51-7F* Ly?2.2(OS} ♦ C 


0 


» 


SO 


T1-S710WUA] 


♦ IS1-7SY ♦ 172.4 (CD4) + C* 


24 




W3 



Soluble F-T1-S?10JST{X) peptide (10pg) in PES vas 
injected subcutaneous ly in Balb/c mice in complete 
Freund's adjuvant (1st injection) and then 
incomplete Freund's adjuvant (2nd through 5th 
injections) . 

Effector cells vere splenccytes of Immunized 
aniaals grevn for 7 days In vitro vith 25Mg/ml 7- 
Tl-SPIQKH(A) peptide in complete T cell media 
(7a*ahashi et el. J. g». 170:2023/ 1989). 

On day 3 cf culture io* v/v Con A supernatant vas 
added. • Con A supernatant vas derived from Balb/c 
spleen cell stimulated A days vith Concanavalin A 
lOjig/sl in complete T cell medium (Takahashi et 
al. J. Eyra. 170:2023, 19S9) , and the 

supernatant* removed and used in activation of 
spleen cytotoxic T cells. 

♦Experiments vith complement (C) represent the 
results frcn pcoled splenccytes from 3 mice 
immunized vith F-T1-S?I0MH(A) . 
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: tZZLVTt 0? Tl-MlOm(A) P2PTIDS ZB UFCSOffl TO 
DBXCS MiC CASS I R2S^ICTZD CM* CnCTOOC T CSLLS 
JHJE22 IX Balb/c MTC3 



Tar;et C«U (Clas. 3 Type) % Specific »Cr Jtelea,* 

at 50:1 E/T Satio 



LS1-78Y IH2*J 


: is'; : ■ 


g . ■ 

0 


T1-3?10«UAJ -cset«d L51-76Y <H2«*) 


39 


35 


SU or Hi -12 (K2 b )* 


10 


2 


71-S?lGKi(\) -e6AttA EU be JtL-12 (H2-) » 


14 


4 


T1-S?10KH{AJ ♦ LS1-75Y + C 




27 - 


Tl-SPIOGUA) + L5I-78Y ♦ Lyt2.2tC») ♦ C 


» 


2 


_Tl-S?iO0ffA) + L51-7BT +17? A (C241 +C 


. >o 


31 



Liposomes vera prepared using Cctylglucoslde 7* 
(0.7g/io ml P3S) L-alpha dieleoyl 'lecithin? 20 

T1-S?10XX(A) peptide ar/cholesterSi 3.1 
eg/=l using standard techniques (Miass *t al. 
^ rri 8 ^ 3 0:833 » "Fcsome Technology 

3^1* flf^' G - Cr ^ c -i*ii» Chapter 14 po. 205- 

Lipcscces containing T1-£?10HS(A) peptide were 
injected into Ealb/c =ica in a total dose of lOug 
of T1-S?10KN(A) peptide in liposcnes in 2 sites 
■2?°: f t * n ?? usl £ * n « B Flete Freund»s adjuvant (1st 
dose) followed by inccrplete Freurid • b adjuvant 
(2nd through 5th doses). Effector cells were 
splenocytes frc= isaunized aniaals prepared and 
shcyn and described in Table XIV. 

*2xp, 1 used RL-12 targets cells and Exp; 2 used 
UA target cells. . 

Cegpar isen : of : th«> abn<*v nf various ti n 
PWtldes te Induce anti-cpriM.de antibodies in 
Balb/c Tn«ei»? 

Figure 7 shows a conparisoh of the levels 
of anti-peptide antibody generated in the aerua of 
Balb/c aice after l, 2 and 3 iaauriizatiens with 10 
of the various peptides. Figure 7 shows that 
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t-« » r.cion or th. , r . ?Ie „ lBorel!1 . i ^ lev< 
P«?tld. is ilxsa may. : 



HIY .v,™^* ' *"* Per °* nt tafiiltion of 

^. ^ ' * « HIV ^ 

It-lL '•"« n-s?10CA) group, „.< Mnia 

^" l ' r f« «•*. >.•', ■'«!»» in th. w £ 

1. • Uj*.* ,.utr,liz. a faBM 
grease? than 50* (figure 8). 

_ , " : > en in ^te<i into B«lb/c nice, neithe- 

l^Z: 0i S FCptide " ° r ? - Tl - S?10 ^ P«Ptie.. induced 
»«farabl. CTL in Balb/c nice. Kcvever, solute 
'-*l-S?ioiSf(A) peptide (Table XIV) and Tl- 
"!«*(*) peptide in iiposones (Table XV) vhen 

H^ d , - ^ V6re Cap4ble ° f inducing .anti- - 

CTL b Bslb /= «ic« that killed T1-SJ10HVCA1 
-ted^ target ceUs ^ ^. Tablft XIV ^j s 

^V^^" 10 T induced in Balh/c ^ 

by the soluble F-T1-S?10VH(A) peptide in 2dvo. ve~e 

T e ul, killed only U * targets and did not kill 
K2 targets. Table XV shews that the ant<- T i- 
S?10(A) cytotoxic T cells induced by Tl- S?10{X) 
peptide in Iiposones vere CDS* and HHC Cass t 
restricted. Y 1 
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Thus, by addition or the : F sequence and 
the (A) sequence (Table III) to the Tl-SPIOKK 
sequence, it was possible to construct a 52 aaino 
acid peptide t?-Tl-S?10KH(A) ] capable of inducing 
hot only neutralizing antibodies and helper T cell 
responses, but also capable of inducing C08+ anti- 
HIV HHC Class I restricted cytotoxic T cells as 
well. In addition, HHC Class I restricted anti-HIV 
cytotoxic T cells have been induced in. vivo by a 40 
aaino acid peptide, Tl-SPIOKN(A) incorporated into 
liposomes . 

ZXAMPLZ 9 

As has been shown, the construction of a 
synthetic peptide Ti-S?10(A) containing a»303-327 of 
EIV gpl20 V3 lccp [S?10(A)J ar.d aa 428-4 2 cf HIV 
cpl20 (Tl) serves as a potent T call . ir-ur.cgen for 
induction of activation cf ar.zi-KIV me=ory T helper 
cells and B cell iaaunccen for anti-HIV neutralizing 
antibodies in vive (PalJcer et al;, Pmas trm^) 
85:1932-1936, 1933; Palker et al., J. te^i . 
142:3612-3619, 1539; Hart et al., J. T^m 
145:2677-2685, 1990 and Eart et al. . py*c tti^ , 
88:9448-9452, 1951) . The TISPIO (A) .peptide induces 
anti-HIV neutralizing antibodies in mice, goats and - 
rhesus monkeys (Palker et al. , PVXs rtrs&i 85:1932- 
1936, 1933; Palkar et al., J. Tanunfli , 142:3612- 
3619, 1985; Eart et al., J. T T - unQ i . ■ ■, g ->T- 75 „ i 

1990 and Eart et al., phas (vsx\ . 88:9443-5452, 
1991) /: induces ar.ti-HIV KHC Class I-restricted CTL 
in mice (Hart et al., PHAS_rusAi, 83:9443-S4S2, 
1991) , and induces anti-HIV T helper ceil responses 

' tti6: e , goats, rhesus monkeys , and chimpanzees ' 
(Palker et al., PKAS m»i 85:193 2-193 6, 1933; 

Palker et al*, J, Tami^l 142:3612-3615, 1989; 
Hart et al . , g., Trremral . 145:2577-2635, 1SS0 and 
Hart et al;, PHXS msx) 88:9448-9452, 1591) . i n a 
recently c==?leted study i.T rice, it was fcur.d that 
whiie CS7 3L/S ar.d Saib/c aica =axa high; timers cf 



WO 97/14436 



PCTAJS96/16911 



54 



anti-peptide antibodies tc Tls?10IH3 pa-t'd«s 

these acuse strains »aJce no neutral izinc'antibcdies 

to the HIVIII3 V3 icop neutralizing determinants. 

contrast, GS7BL£ and Balb/c »ice aaJce good anti- 

HIV neutralizing antibodies when ixaunized with 

TlSPip peptides containing sequences f rca the HXVKN 
■ ■ V3 loop . ■ ■ - 

laaunization trials in . chiapar.zeas were 
conducted to test the synthetic peptides. The 
results discussed below show that the chimpanzees at 
Hollcaan ATT, Hew Mexico, Bade good antibody and 
good helper T cell responses to TiS?io~T 3{A) 
Peptides, but like Baib/c aice. did not aake 
antibodies against the neutralizing antibcdv 
ceteraihants on the EIVIII3 V3 loop. 

In Figure s the chiapar.sees were 
ionized with m env synthetic peptides and the«r 
antibody titers tested using an zlis A assav 
Animals 884 and 1023 were iaaunized with peotide Tl- 
SP10IH3 which was also used in. the EIISA assay. : 
Peptide r-Tl-S?10II23(A) was used in the 
ionization and EllSA assays for aniaals 1045 and 
1070 . All ionizations . were in. XFA + n* P : 1) 
except for aniaal 1023 that. developed I.y abscesses 
after the third iaaunization and had one 

ionization held. Subsequent ionizations were ' 
civen in P3S only. 

As can be seen/ T1-SP16 pestides were 
excellent iaaunogens in aniaals 884 and 1023 ', while 
Il-8*io peptides with the KI V ^4 1 fusion (F, dcaain 
synthesized N-terainal to the Tl-SPio peotide did 
not induce antibody titers as high or as* of long 
duration as did peptides without the F dcaain. 

It should be noted that aniaals 104 5 and 
1070 were challenged at acnth 15 with the iaaunocen ■ 
Tl-S?ioril3(A) that induced good., antibody t<te-s in 
aniaals 834 and 1028. Aniaals 1045 and *1023 did not 
respond to T1 - S?1 oiz I2(A) in IFA, thus deaonstrating 
the, they were tolerant to the T1-SPI0(A, Fe=tide 
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these animals throughout the laaunizaticn period : 
were noraal. 

The saae Tl-S?iOIII3 peptide batches used 
in the chimpanzee study, were also used as 
lanuncgens in goats # and good anti-HIV 
neutralization titers in goats vera obtained (See 
Figure 12) . Thus, T1-SP10 peptides were superb 
iamunogens with I?X in chimpanzees, with remarkable 
anti -peptide serum antibody titers of >1: 102, 400 
(See Figure 9) , and induction of T cell response to 
T1-SP10 and to native KIV gp!20 (See Figure 10 and 
Table XVI below) . . 

TA3LZ XVI . 

mtiJM* ritymUIa* :^csr?of»«iea or >»rip&«ral Bloc* Aeno&ncla*; 



/1C» C»Ui :r>gtt/»r«* 



* fl " F " ? -" T>lorTT1,lv M I;: 

f fpt tha pa ax 97 1 jo raapensaa oba«fv*d Ou ria? v** iaaMuiis 4 iion ; 
, ~,f* ? f , !- tt * t:sm log/ml to O.Aooyi: of oativi 



TA3LZ XVII. 



"_c*pr»s«a% 50* ftawrAiix»*io« titan or irv— a/'i'i #« i-." ^ ~ ' — : — 
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: - - : TA3IZ XVIII 

.. Svnqy^isa Inhibition Serum Heutralir* -c ^-*-~edv «tm*o~ 
K-fus Mcnkay 13S78 Ionized ^tk^io^«-»^fc^ 

I—aizE-fnn Dare ha Titer th. 

1 09/04/91 0 
05/18/91 0 

2 10/02/91 20 
10/1S/91 40 
10/30/91 80 
11/13/91 40 

- 12/04/91 40 

12/18/91 80 

01/08/92 20 

01/23/92 40 

02/06/92 13 

Nd = Neurralizinc Antibcdv 
Pd » Pending * 
«D- .- -Not done 

* •= 68% inhibition of syncytia at 1:10 dilution. 

T " e high neutralizing antibody responses 
cf coats to the saae T1-SP10 peptide batches used in 
chiapanzees deacnstrated that chiapanzees 
selectively did not recognize- the neutralizing V3 • 
sequences as isauncgenic, while other ncn- 
neutralizaticn T1-SP10III3 peptide sequences were 
iaau.-.cgenic in chiapanzees. Thus., it is possible 
that selective proteolysis of the KIVHI3 V3 loop 
occurs by chispanzee and nouse mononuclear cells in 
y_Iv£, or more likely, that genetic restriction of 
V antibody responses to neutralizing deterainants of 
/ ; : :tJae;V2 loop exist in chiapanzees and nice. . 

In rhesus monkeys, the injection of 500 ug 
of Furified T1S?10MN(A) peptides was shewn to yield 
very high levels of anti-KIVHN neutralizing 
antibodies in 4/4 aniaals (see Figure 13-15) . In ■ 
addition, in 1 cut of 4 monkeys, iaaunization 
yielded cross-reactive anti-KIV neutralizing 
antibodies that neutralized the KIVTII3 and HIVMN 
viruses (see Table XVIII belcw) . Thus, if is* 
chiapanzees er.d huaans respond to the T1-S?10MN(A) 
peptide and aaxe cress -neutralizing anti-KIV env 
antibodies, then an additional 5% cf subjects 
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challenged with an cthe— 

cicc.t.onal mcnJcey data. 
'WM^S^^™ « not 

. rationale he-e wa«; *~ .» to . 
> w was to determine A) i- the t- 

, ,SnOKJr(A) peptide c=uM b-.-V t ~v 

^ .M^ 1070 a">c Bl"i* ^ : - ersnc 2 ir. ar.iaals 

«f lccp, since it a==e are - tha* „ 
wiaais could see th« v- / nC ' S C * the 

presented by Tl-sPionr. pe ^ des r , ^ ~~ 3 as 
15 that e— . Pe-tices. Figure 13 shows, . 

6 - 12ati0n Cf &11 4 chiapenzeas vitV 

P.l=?/lcc o; T1-spio.M,. { A) peptide, three c* 

weak s l £nC 1045 shcv *= the appearance 

weak serua anti-Klv MS ne-^-ai* *«»,..-• L - • - 
/--.t. j ■, . — axizing antibcf ies 

> fe^::!:,-^ — ^ >■<-* 

*" >sC * -•••-».li«tion at l, 20 , a- also 
c-^-nautraU,.- hiv: Sa (Taw. m , , olii lin „: 

=- MlMl. .84. 1045 and 1070 (?i^ r , „, 

.^"-T » 4 ~» ir* a.-tar Bonth v 

peptide cf E"n; a**^ *. u . > . . ■ 
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TA3LZ XIX 



1039 
1043 
1070 



U rri i gn ot t*z/Z~z tod jjt nr la syncytia xaaiiiiian 
Asaay Is C^spwsM Zsamismi visa Tl-WiO >*~±u ; 



- ; */- (23) . . 

'«T« > (221 - HOP) * (1€) ♦ f |«) 



- • < 48% iaftiiisiss tyneyii* 

- » 49% «nd < tc\ iaaiaitisn of rwsersia 

- • i 10% iaiiii^i- of srRqr^U; ti»r U20 



The observation that neutralizing 
antibodies in chiapanzee 1070 neutralized both ETV 
: and III3 isolates could be due to the presence of 
5 either type-specif ic - neutrializinc antibodies induced 
by both EIV *Cl and EZV : peptides (Rusche et al 

Proc. Natl. Acad. Sci. USA 55 : 3158 (1983)), or be 
due to the induction of cross-neutralizing anti- 
GPG3A antibodies by the T 1-5? 1 0MN ( A) peptides. 

10 Antibcdy titers against a truncated SP10III3 

peptide, SP1CD, I2IQ3GPGR, was used in ELiSA -assay 
with serua frca chiapanzee 1070 . Ind-point ELISA 
titers against this peptide were 1:800 or less froa 
10-23-SG through 12 -3 -Si (acnths 3 through 17 of 

15 study) . Follcving .the first iaaunization of aniaal 
1070 with T1-£?10MN(A) on 12-3-52 , the titers of : 
antibcdy to SPiOD peptide rose froa 1:800 to 1:3200 
on 1-7-92 and 1:12/800 on 2-4-52. During the saae 
tiae period, antibody titers of 1070 to Tl-S?10EN(A) 

20 peptide rose froa 1:12/800. ts 1:102,400 , vhiie : : 

: titers tc the T1-SP10III3. peptide rose froa 1:3200 
to 1:25,600. Abscrtticri studies tc abscrb cut the 
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deacnstrated that all pi the anti-siv MN 

WOV«*«l»d cut with the 
S?10IC ' (A) fPtid., «d part of the EIV mn 

5 pe^ liZir " ? aCtiV " y CCUli > abSCrie<i with a 
pept.de tfi th the sequence . r«^ G?s ^^ c 

(Jahaverian et ai Science, 250: 1550 (1WJJ that 
on-y contains .sequences: fr« . the tip of the V3 iccp 
: tha, are ccaon to both ft*?** and HIV ht* 
(Figure 20, . Thus, a portion of the chisoa^zee 
antibody response induced bv TI-S ? l0KN ( A)" F e O tides 
cross-neutralize EIV KK and EIV i IIa and are 

^T a t a?iinSt C0 ^---= fences, a, the tio 
ef the hiV cpi20 V3 loop. " 

I==crtantly, ir. rhesus mcnkevs it was 
ceacnstrated that i-jectic- of 500uc of pur-'ie^ " 
Tl^CA) peptides yielded very high levels or ; 

neutralizing antibodies in 4/4 a.-.iaals 
(.icures 20-24) and in. i, C f 4 rhesus aonkevs, 
yielced cross-reactive anti-HIV neutralizing 
antibodies that neutralized the EIVIilB and'siVW 
viruses (Tables XVIi: and XX) . Figure 25 shows"that 
toe BF2 (IG ? ^I G?GSA r GPF3AC) pe?t , de aiscrss ^ 
ant i -HIVlii 2 neutralizing activity in serun fro* 
rhesus monkey 1S==7. Table XXI shews the secuences 
of peptides used in the ch-panzee and rhesus" monkey 
Swudies described . v '.^ 

TA3LI XX ; 

^^mJv -1 ^; 12 *** 10 -,. 0 * EIV '"2>HI8. In RT Inhibition 



20 



25 



Oa-e • 




AnLsal No. 








la:/iii3 


18987 17336 
rs LAI /in- 


KH 










09-18-91 


0 


. 0 


ND 


0 


10-30-91 


1,4 30 


330 


ND . 


40 


11-13-51 


1,400 


1,400 


KD 


400 




350 


1.4 30 


0 


360 ; 
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TXHIZ XXI 



Variants of n-sna itzidm* Dtrivd r=-n an » ttt« 
*p*UU Mam. l^ian 



-r^-ifepSi alii «^M. w ^S55 fl ^^^ 



10 



SCUSLT 10 
The following is a protocol for human, 
patient iaaunization. EZ7 seronegative subjects 
will be iaaunized with a polyvalent mixture of 
T1S510 (A) peptides (see Tables XXII and XXIII) 
designed to generate neutraiiz inc. antibodies . to 
about 80% of the current EIV isolates in the United- 
States, 



-TASLZ XXI] 



S«qu«nc« of Tmncattd T1.S?1C(A) Peptides For H 



utnan Immunization 



KQ.IMIWCEVCJUMYAflxa.KiGPGRAmTK Tl. S ?10MN(A H T 

KQ«.NKWQ£YGXAMYAflXSITXG?GSVIYATC Tl.SP»«F(A H T 

KQ.IN«WCEVGKA«YA fl K Sl P 1G?GSjkFU7s T 5 - S P,OEV 9l(A) ., T 

KCIlNUWCEYGKAI4YAR)CSlMMG?GiClFYT7G T,. S P10C„0A(A,.,T 
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Stquinet of Full Ltngth Tl-S? 10(A) Peptidti For Human Immunisation 

KCnNMWCSVGiaMYACTRPNYNKRKRIHIGPGaArrrTK Il-SPIOMN(A) 
KQUNMWCEVGKAMYACTRPNN.VraKSrrXG?GSVrrATG Tt-S?10flF(A) 
KQMNMWCEVGKAMYACTnPGNNTRKSIPlGPGn AFIATS Tl.S?10EV91(A^ 
KQHNMWCEVGXAMYACTnPHNNTnKSlHMGPGKAPYTTG Tl-SPlOCanOA(A) 



Experimental Frstecal 

Human patients, both KLA 2A+ and HLA 2A-, 
will be studied for up tc tve years. During 
treatment,., the generation, cf -neutralizing antibodies 
arainst EIV» and ether E1V isolates as veil as the 
generation cf T helper and/or Class I -restricted 
ahti-HIv CTL will be measured. 

• The izsuncc ens to be used will be 
T1S?10<A) peptides which are expected to give rise, 
to antibodies against 80* of the HIV isolates in the 
Los Alamcs Oata Set (Myers et al., Human 
Retroviruses and Atn 5: . Some patients will 

receive the immuncgens in Table XX and scze will 
receive the Immuncgens in Table XIX. 

Each patient will receive as irmuncgen 
dose about 0 . OScg/kg/peptide or lac of each peptide. 
If he responses tc the original dose schedule 
result/ the dese will be doubled and the regimen 
repeated, after a three month-' rest . : 

Incomplete Treund' s adjuvant (I7A) will be 
mixed with the iasufieger. in a 1:1 v/v mixture (Hart/ 
et al., J.;- T~ U nQ| .- . 145:2677-2535, 1990) . Total 
volume for each immunization should be 2cc. 

The immuncgens will te administered by IM. 
The i~ur.cc.ens will te nixed in a: total vclume of 2e 
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and given IM, Ice in each of two sites (right or 
left upper arm, right or left thigh). 

Immunizations will be given at 0 nqnth, 1 
month and 3 months* The patients will be monitored 
4 weeks after each immunization. After the third 
immunization, the titer of responses to HIV will be 
tested and a decision made regarding imaunizatien 
with a larger dose of peptide to begin after a "three 
. month rest. 

Routine blood and urine tests will be 
.conducted on the patients. The following blood 
samples will be required. 

Serum (10 ml) (approximately 20cc blood) 
will be used to study T1SP10 and S?10 peptide 
binding in RIA and HIV gpl20 binding in RI?/Westem 
blot assays. Serum will also be used to determine 
neutralization titers of ETLV-IH3, KTLV-livx and 
field KZV isolates in reverse transcriptase and/or 
syncytium inhibition assays. Routine serum 
chemistries for toxicity (liver function tests, 
renal functions and chem 18 panel) and a complete 
blood count (lOcc heparini2ed bleed) will be 
performed. 

Peripheral blcod cells (60 ml bleed) will 
be used to study T cell proliferative responses to 
PEA, TT candidate T1SP10 and SF10 peptides, gpl20 
and OKT3 (about 30 ml heparinized blood) . T cell, B 
cell , MX cell , CD4 . and CDS cell numbers will also be 
measured (about 5 ml heparinized blood) . Finally, 
CTL: assays will be performed on autologous or KLA- 
identical E3V- trans formed B cell lines or autologous 
S3V- trans formed B cell lines using vaccinia g?160 
infected targets and peptide coated targets. 
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.EXAMPLE 11 . 

A strategy has been developed far the design 
cf experimental synthetic peptide imraunocsns for ~ 
induction of T helper (Th) cells, neutralizing 
antibodies, and MHC Glass I -restricted cytotoxic T 
lymphocytes (CTL) against EIV native proteins or EIV 
protein- expressing target cells (Palker et al, Proc. 
Natl. Acad, Sci. USA 85:1932 (1988), Palker ei al, J. 
Inmunol. 142:3612 (1989) , Eart et al, J. Irrnr^hol.. 
145:2677 (1990), Hart et al, Proc. Natl. Acad. Sci . USA 
83:9448 (1991), Eaynes et al, AIDS Res. & Human: 
Retroviruses 6:33 (1990) ,"; Eaynes et al, J. Irr^nol. 
151:1646 (1993), Eaynes et al, J. Exp. Med. 177:717 
. (1993), Eaynes et al, Trans. Aser. Assoc. Physician- 
106:31 (1993), Yasutotai et al, J. Immunol. 151:5096 
(1593) ) . (A general scheme for an ELA-based vaccine 
for AIDS is set forth in Figure 30. Th x . n - B x E 
includes the construct .Th-SP10 and, by example, .C4-V3 . 
^l.-.n* Tc l...a is equivalent to Th-CTL {CTL * X) ) . 

A general iintruncgen design for induction of. 
neutralising antibodies . requires the synthesis of one 
or more Th epitopes of EIV proteins N-terminal to the 
gpl20 envelope V3 loop neutralizing domain (Th-B, 
Figure 26) . For MEC Class I -restricted ant i- EIV or 
anti-SIV CTL induction, both Th-3-CTL and Th-CTL 
peptide designs have been successful (Figure 26) (Eart 
et al, Proc. Natl . Acad. Sci . USA 88:9443 (1991) , 
Yasutomi et al, J. Immunol. 151:5096 (1993) ) . 
Prototype synthetic peptide immunogens comprised of 
Th-3-CTL epitopes of EIVillB, MN or RF env gpl20 have: 
al induced Th responses to native gp!20 in mice, goats, 
rhesus monkeys and chimpanzees (Palker et al;; ; Prbc 
Natl.. Acad. Sci. USA 85:1932 (1983), Palker et al, J. 
Immunol. 142:3 612 (1989)> Eart et: al, J. Immunol -J^'\-' 
145:2577 (1950)., Eaynes et al , J. Exp. Med. 177; 717: 
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(19931) and b) induced in coats , rhesus monkeys and 
chimcanzees B cell neutralizing antibody responses that 
have neutralized laboratory EIV isolates in a type- 
specific manner (Salker et al , Broc . Natl . Acad . Sci . 
USA 65:1932 (1988), Palker et al, J. Immunol. 142:3612 
(1989), Hart et al, J. Immunol. 145:2677 (1990) , Haynes 
et al, J. Immunol. 151:1646 (1993) , Eaynes et al, J - 
Ex?. Med. 177 : 717 (1993 ), Eaynes et al, Trans. Amer. : 
Assoc. Physician 106 :3i (1993) ) and c) induced in mice 
and rhesus monkeys ant EIV or SIV MHC Clas s I - 
restricted CTL that kill target cells expressicr.g EIV 
or SIV proteins (Hart et al, Prcc. Natl. Acad. Sci. USA 
83:5443 (1951), Yasutbmi et al, J. Immunol. 151:5096 
(19531) . In rhesus monkeys, it has beer, demonstrated 
"that the Tl - S ? 10 MN { A) pep tide induced in select animals 
antibodies that reacted- primarily with the IGPGSAF 
sequence at the tip of the V3 loop, and cross-, 
neutralised EI VII IB, EIVMN, EIVR7 as well as EIV 
primary isolates grown in CEM cells (Eaynes et al, J. 
Immunol. 151:1646 (1993)). 

DesicT. of A Pr^to tree Polyvalent K"V Immunccen 

Because of the extreme variability that 
exists in EIV isolates both in geographic locations and 
among patients > a multivalent EIV immunogen design 
tailored to EIV isolates in specific geographic 
locations, will likely be required for successful 
preventive and therapeutic EIV immuncgens (Falker : et : 
al, J. Immunol. 142:3612 {1585) , Eaynes etal, Trans.: 
Amer. Assoc. Physician 106:31 (1993) )> To this end, a 
prototype polyvalent EIV insnuncger. has been designed 
c cut ai nine Th-E-CTL 6b it opes reflective cf' : 4; common. EIV 
isolate motifs in Clave E; EI VMM , HIVE?, EIVEVS1, .-.yandy 
EIVCANO (Figures 26 and 27).. In each of these : 
prototype peptides. resides at least two Th ■ 
deterr-inants, twe Class i-restritted CTL determinants; 
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one restricted by ELA A2 and A3 (Clerici et al, Nature 
339: 383 (1989)) and another restricted by B7 (Safrit et 
al, Characterization of ELA-37 -Restricted cytotoxic T 
lymphocyte clones specific for the third variable 
region ETV gpl20, isolated from two patients during 
acute seronversion. Presented at the Gth NCVCG meeting 
Oct. 30 - Nov. 4, 1993)), and three or more epitopes 
recognized by ant i -HIV neutralizing antibodies (Palker 
et al, Proc. Natl. Acad. Sci . USA 85:1932 (19S3), 
Rusche et al, Proc. Natl. Acad-: Sci. USA 85:3193 
(1988 ) , Jahavarian et al, Science 250 : 1590 (1590) ) 
(Figures 2S and 27) . Preclinial studies ' of this 
prototype peptide mixture in mice have demonstrated : 
that .. two of the components ttl-SSlORF (A) and Tl- : 
*SPiqEV9l(A).] induced type- specific anti-V3 peptide 
tanti-SPlO(A)] responses (Table XXIV) , while two of the 
components {Tl-SPiOMiT(A) and Tl-SPIOCANO (A) ] induced 
broadly cress -reactive anti-V3 peptide antibody 
response (Table XXIV) . 
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Ability of HIV Envelope gp120 Synthetic Peptides To Induce 
AntJ-Peptlde Antibodies After Three immunizations 



Synthetic Peptides Synthetic Peptides Used In EUSA Assays 

Used To Immunize ' 
Mice 

~ ^ T1- T1- ~ T1- ~~ Tl- 

SP10MN(A) SP10RF(A) SP10EV91(A) SPiOCANO(^ 

' (Geometric Mean Titers) 



W'tlvaJent Peptide 
..fixture 


51,200 


16,127 


51,200 


204,800 


i1-SP10MN(A) 


25,600 


8,063 


12£00 


20,319 


T1-SP10RF(A) 


43 


10,159 


5 




T1-SP10EV91(A) 


12 




2,016 


0 


T1-SP10CANOfAV 


25,600 


10.159 


25,600 


204,800 



Balb/c mice were Immunized three with 50 ug of monovalent peptide* 
subcutaneoualy In 1FA (Seppie ISA 51). Animals were bled 2 weeks' after 
the Immunization, and antibody titers determined using end-point ELISA 
assays (E/C 3.0). Data represent the geometric mean titers of serum 
antibodies of three mice for each point 



Eliza method are described in Eaynes ei al, J. Immune 1 
151:1645 (1593) , Haynes ec al, J. Ex? . Med . 177:717 
( 19531 ' Eaynes et al, Trans. Amer. Asscc. Physiciar. 
106:31 (1953) . v ".V ■ " 
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(Clave R> FTV Tso1a*« vl t,«^ p 0? ^ ir ^ 



In addition, sera from goats and mice 
immunized with mixtures iof ail 4 peptides (Table 1 XXV) , 
contained antibodies that also cross -reacted with the' 
Tl-SP10(A)A. con. peptide (a Th-B-CTL peptide 
reflective of the consensus V3 loop sequence of Clave A 
in Afri6a) ' to a lesser extent, with the Ti- 
SS10(A)S.con. peptide (a Th-3-CTL peptide reflective of 
the consensus V3 locp sequence of Clave E in Thailand 
(Taile XXV) • Wi:sri ser a. f rem mice immunized with only 
one . of each of the 4 components of the polyvalent 
mixture were tested for their ability to bind" to the 
African Tl-SPl.O (A) A. con.' peptide, it was found that the 
Tl-S?10CANO(A) peptide was responsible for generating 
all of the cross-reactive antibodies, to the African " 
Clave A consensus sequence . ..Thus, although the -primary. 
V3 sequences of the CANO envelope is widely disparate 
from other HIV ehv V3 sequences (Figure 27) , secondary 
tod P os sibly higher order structures of the V3 loco of 
the EIVCANC isolate appear to have the ability to * 
induce cross -reactive aaci-vi antibodies against manv 
different EIV V3 motifs. . * . 
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IA3LI XXV 



Ability of th-B HIV Env Polyvalent Peptide Mixture To Prime and Boost House 
and, Goat Serai Antibodies That Cross-React With The Th-3 Peptide with V3 
\ Clave A . (VHXGPGQATYAT) Consensus Sequences 



Th-B Peptide V3 Sequence 



Animals MM RF EV91 CanO A, Con . E. Con. 

Geometric Mean Titers ' 

Mouse 51,200 16,200 51,200 204,800 81,100 1,600 

Goat 25.600 18,000 12,800 25,600 28,600 4,500 



Data represent the gecaetric mean titers of either 3 mice or 2 goats injected 
with the polyvalent Th-3 EZVenv peptide mixture. 
Method used are described in Eaynes s: al, J. Immunol . 

151:1646 (1993) , Eaynes e. al, J. Exp. Med. 177:717 

(1993)", Eaynes et al, Trar.s . Amer, Assoc. Physician 

: ; :31 (1993) . 

SllfS F0B AFRICAN (AC0N) AND S0UTHEASr * sian 



TT SP10 A 



KQIINMWQHVGQAMYA7RPNNNTRKSVHIGPGQAFYATGDI T1-SP10(A)A.con 
K6«NMWQGAGQAMYATRPSNNTH7Si7IGPGQVFYRTGDI T1-SPl0(A)E.con 



Human Retroviruses and AIDS 19S3 • 

edited by G. Myers. J. A. Berzcfsky, B. Korber, R. F. Smith, and G. N. Pavlakis 
pubfished by the Theoretical Biology and Biophysics Group T-10 
Mail Stop K710 

Los Alamos National Laboratory 
Los Alamos, NM 87545 
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PolwaVf^r etv Pr»r TTpiTTT ^^ 

Regarding neutralizing antibody responses, . 
sera from animals immunized With the polyvalent ' : ■ 
immunogeh (Figure 27) bind to ETV gpi20IH3 and 
SP120SF2 in either radicimwonoprecipication assay or in 
ELISA assay. Sera from these animals have neutralized 
HZVMN and RF isolates in syncytium inhibition assays." 

Deeerai-n.«i.g,„.-j. ?| . fi ry . 

Tlle 17b *n=i «d human anti-g?i20 mabs were 
isolated from human PHMC B cells from patients i— -ted 
withEIV (Thali etal, J. Virol. €7:3=78-3988 (1993); 
Moore et ai, AIDS Res. Eumar.. Retroviral. 9: 1135 
(19931) . Tne 17b and 48d mabs cross-block mouse mabs 
that block CD4 binding to gpl2C., broadly neutralize 
disparate EIV isolates, but dc : not in and of themselves 
block gpi20-CD4 binding (Mccre et al, personal 
communication. / 1994 ,- Thali et al, J. Virol . €7 : 3978 
(1953)) . Rather, binding cf the 48d mab is uzreculated 
to native gpi2 0 following ligation of g?120 by CD4 . It 
has been found that cne peptide, T1-SP10CANO (A) , binds 
to the 48c mab (Figure 28) , and the optimal binding of 

49d to EIV env hybrid peptide T1-SP10CANO (A) 
depended on the preser.se of the CD4 peptide, Tl N- 
terminal tc the SPIOCANO(A) peptide (Figure 25) . Thus 
the Tl-SPIOGANO(A) hybrid C4-V3 petide mirrors a 
C3 ^=ra«ational determinant cf EIV cpi2 0 recognized by a 
potent broadly neutralizing human mab. It is interest 
that Wyatt et al, J Virol. SS:S997 (1952) and Moore fet 
al, J:. Virol. €7:4735 (1953) have suggested that the V3 
loop [S?10 (A) ] and the C4, Tl : region Vara in close 
physical proximity/ to each ether in native gcI20. 
Thus, the present data directly demonstrate that, the 
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T1-SP10CANO (A) synthetic peptide can mimic broadly 
neutralizing C4-V3 conformational determinants of . 
native g?120 . 

C4-V3 -cor.f nnwt 4 on n i det-.i»^n-{ 

Whereas the EIV V3 leap by itself induces 
prioaril y type-specific anti -EIV neutralizing 
antibodies, the C4-V3 determinant as definec'bv the Tl- 
SPIOCANO(A) peptide will induce more broadly, "cross- 

rSaCtiVe ne "" ralizin5 ^-"cdiss- This is know- from 
the fact that the 48 d humar. mor.2 clonal antibody derived 
from a Eiv seropositive patient binds to a complex 
conformational determinant on the surface of c?i20, 
binds to. a wide spectrum of EIV- isolates and 
neutralizes disparate EIV isolates such as ElVIllSand 
EIVMN (Thaii et al ( J. Virol. 67:3978 (1993); Moore, J. 
personal communication (1994) ). Thus, a general 
strategy for identifying multiple C4-V3 peptides would 
be to :canstruct a large number cf. C4-V3 peptides , 
derived from c* sequences (for example, from amino 
acids .419 to 428 from the EIVMN isolate and from 
homologous regions in other EIV isolates ) linked 
N- terminal to S?10 or S?10 (A) regions (such as amino 
acids 301-327 of EIVMN and from homologous regions in 
other. EIV isolates) from sequences listed in the Lbs ; 
Alamos database (Euman Retrovirus and AIDS, 1991, 199-2, 
1993 edited by g. Myers, J. A. Eerzofsky, B. Korber- 
B.?.. Smith and G.N. Pavlakis, published by the ' 
Theoretical Eiology and Biophysic Group T-10, Mail Stop 
K710, Los Alamos National Laboratory, Los Alamos, NM 
87S4;S) : (see Table XXVI for other examples) . One. would, 
then, screen approximately .40 tc 100 of these different 
C4-V3 peptides against a combinatorial library cf heavy 
and light; chain iraiuncglobulir. variable ger.ss expressed 
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on the surface of phage (Borbas et ai, Proc. Natr 
Acad. Sci. USA 88:7578 (1991) > , The work of Borbas et 
a- provides a method for screening a large number (io? 
to 10 ) of human monoclonal antibodies derive- f-cm a 
patient with EIV infection making a screen possible of 
a wide spectrum of antibody responses to search for 
antibodies species against complex conformational 
determinants on SP120. Using this technology C4-V3 
peptides can be identified that are in suclTa 
conformation to fit into the Fab notch of the va-^e 
region of the heavy and light chain he tared* m~ 
expressed in the combinatorial . library on the surface 
o. pnage. These Fab monoclonals can be isolated and 
cloned (Borbas et al, Proc. Natl. Acad. Sci u*A 
88:7978 (1991)). Most importantly, C4-V3 peoJdl 
-designs can be identified that reflect native ~a*l 2 0 C4- 
V3 conformational determinants of a wide variety of EIV 
strains, when this type of protein: based selection is 
performed with combinatorial libraries derived from a 
large number of HIV-infected individuals from manv 
different geographic sites of EIV infection around the 
world, a wide selection of C4-V3 peptides that mimic 
broadly reactive neutralizing determinants from the C4- 
V3 region of native gpi20 can be identified and, for ' 
example, combined together with the Ti - s? i 0 CANO (A) 
prototype C4-V3 peptide into a multivalent C4-V3 
peptide immunogen for induction of hichiv cross- 
reactive, broadly-neutralizing antibodies adainst C4-V3 
conformational determinants of multicle EIV sr- a ^s 
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EXAMPLE 17 

. In the design of an HLA-based HIV vaccine, the 
following variables are taken into account: a) the HLA 
molecules that are expressed in the population or 
cohort to be immunized, b) the CTL or T helper epitopes 
P r «sent in the immunogen and their respective 

: HLA- res trie ting elements,: and c) the HIV variants 
present in the geographic location of the cohort to be 
vaccinated. An HLA-based vaccine for induction of 
ant i -HIV T cell immunity is a multivalent mixture cf 
immxinogens reflective of the most common HIV variants 
in a geographic location, and containing immunogenic 

-CTL : and T helper epitopes that bind to the HLA 
molecules expressed on antigen-presenting cells of 
subjects of the cohort to be vaccinated. The mixture 
°. f . inTOuno 9sns can range f rom a mixture of non-HIV 
vectors expressing EIV proteins, to mixtures of HIV 
^ ec °tnbinant proteins and/or synthetic peptides (Palker 
et al, J. Immunol. 142:3612 (1989); Hart et al, Prcc. 
Natl . Acad . Sci. USA 88:9448 (1991); Berzofsky, FASE3 
J. 5 : 2412 (1991) ;. Haynes et al , Trans . Assoc . Ame r . 
Phys. 106:33 (1993) ; Haynes et al, AIDS Res, Hum. 
Retroviral 11:211 (1995) ; Cease et al, Ann; Rev. 
Immunol . 12:923 (1994) ; Waif ield et al, Vaccines 92, 
Gold Spring Harbor Laboratory Press pp. 211-215 
(1992) ) . 

Pata sets that can be used to develop HLA-based 
AIDS: vaccines include:::: 1) • a compilation of OD8 + CTL 
and CD4+ T helper epitopes in HIV proteins that can be 
derived from the available literature (see particularly 
Nixon et al, Immunology/ 76:515 (1992)), 2) a listing of 
the HLA restricting antigens that present HIV CTL arid T 
helper epitopes which also car. be derived from the 
available literature, 3) a compilation cf the HIV 



WO 97/14436 



PCT/US96/16911 



60 1 

variants present in specific geographic locations that 
can be derived from the available literature (see 
particularly Human Retroviruses and AIDS 1993, Myers et 
al (eds) published by Theoretical Biology and 
Biophysics Group, Los Alamos National Laboratory, Los 
Alamos, NM 87S4S) , and 4). a. listing of HLA types for 
ethnic groups in geographic locations (HLA 1991 Tsuji 
et al (eds), Proceedings of the nth International 
Histocompatibility Workshop and Conference, Oxford Unv. 
Press, Oxford, England 1992) ., 

Table XXVI shows an HLA -based HIV vaccine design 
for CTL induction for African- Americans, and shows 
analyses of the most common HLA types present in the 
cohort to be immunized, the HLA Class I CTL epitopes 
restricted by the common HLA types in the cohort, and 
the HIV variants in the geographic location under 
consideration. The most useful HIV preventive 
imraunogens will be those designed for all members of a 
cohort to be immunized in a geographic area regardless 
of : ethnic background, and such imraunogens can be 
designed by expanding the number of HLA types used in 
the analysis, and by choo s ing HIV CTL immunogenic 
epitopes presented by several disparate HLA molecules : ' 
(see available literature including Haynes et al, AIDS- 
Res. Human Retroviral. 11:211 (1995)). Since a number 
of HIV CTL epitopes are presented by more than one 
allotype of HLA Class I molecules, by using nine CTL 
epitopes (as well as variant peptides reflective of HIV 
mutations at these sites) 95% of African-Americans, 
97 . 5% of Caucasian Americans , 97% of Native Americans 
and 99% of Thais can be expected to respond to such an 
HIV immunogen (see Table XXVII below) (Haynes et al f 
AIDS Res . Human Retroviral 11: 211 (1995 )). 
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TABLE XXVI 



Steps In the Development of an HLA-Based Subunit 
HIV Vaccine For induction of Ant i - HIV CTL in 
Af rican>Americans in the United States 



1. Analysis of common MHC types in cohort to be 
immunized. 

Example: For African-Americans in the United States, 

80% will express HLA A2, A3, A28, A30, B7 , or 
B8. 



. 2 . Analysis of the HLA Class I HIV CTL epitopes 

restricted by these common HLA types in African- 
..'■„:". Americans in the cohort to be immunized. 

^ atn P le: For HLA-A2,. aa77-85, from pi7 gag (Johnson et 
al, J. Immunol, 147:1512 (1991)); for ELA-A3, 
aa73-82 from ne* (Culmann et al , J. Immunol. 
146:1560 (1991) ) ; for HLA- A2 8 , aa583-592, 
from gp41 (Lieberman et al, J. . Immunol . 
^ 148:2738 (1992)); for HLA-A30, aa844-863, ' 
from gp41 (Lieberman et al, J. Immunol. 
148:2738 (1992)) for HLA-B7, aa302-312, from 
gpl20 McMichael et al, AIDS 85 :S155 (1994)); 
for HLA-B8, aa586-593 from gp41 (Sutton et s 
al, Eur. J. Immunol. 23:447 (1993)).. 

3 . Analysis of the HIV clade variants in the 
geographic locations of the cohort to be 
: immunized . 

Example: The most common clade in the United States 

and Western Europe is Clade B . Per Clade 2, 
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epitope aa77-85 from p!7, of 26 isolates 
analyzed in the Los Alamos database, these 
are 8 variants, necessitating including 
8 peptides for this sequence ; A similar 
analysis for the o t he r 5 ep i t ope s would 
require an additional 54 peptides, for a 
total of 62 . 

4. T cell help can be obtained -.=£ or anti-HIV CTL 
induction by peptides by sy^the s i z ing 
immunodominant T helper determinants N terminal to 
the CTL ep i t ope s or includsion ;of T helper 
determinants in larger subunits of HIV immunogens* 
(Palker et al, J. Immunol. 142:3612 (1989) ; 
Milich, Nature 329:547 (1987) ) 



Example : Th : -X : , Th : -X 2 , Th 3 -Xy, Thj,-X N , etc: where Th = 
immunodominant T helper epitopes and X * MKC 
Class I CTL epitopes. 



♦Specif ic CTL epitopes are included because of the 
restricted natute of CTL-epitope presentation by KLA 
molecules (Palker et al, jV Immunol . 142 :3 612 (1989) ; 
Berzof sky , FASEB J . 5:2412 (1991) ; Berzof sky , Sem. 
Immunol. 3 :203 (1991) ) . Only the most common 
immunodominant T helper epitopes: .need to be included 
for T cell help for CTL generation, without regard to 
immuiii z e d c oho r t restriction element expression, since 
many HIV T helper epitopes are presented by multiple 
HLA Class II types irev. in- (Berzof sky, FASEB J. 5 :2412 
(1991) ; Berzof sky, Sem. Immunol .3 :20 3 (1991) ) , and 
some retrovirus CTL epitopes also been suggested to 
have T helper cell stimulating activity (rev. in 
Berzof Sky, FASEB J. 5 : 2412 . (1991) / Berzof sky, Sem, 
Immunol . 3 :20 3 (1991) ) . 



It will be appreciated that the actual degree of 
EIV variability may not be reflected by the decree of 
variability seen in existing databases . It will also 
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be appreciated that it is not certain that every 
variant of every HLA type will equally present each 
peptide to T cells. Further, it is not certain that 
every HIV CTL epitope variant will be a potent agonist 
and trigger T cells to an optimum anti-HIV immune 
response. However, vaccines designed in accordance 
with the present approach can be expected to be of 
significant clinical effectiveness. Further, for 
design of an HLA-based HIV preventive immunogen that 
induces both anti-HIV T cell responses and anti-HIV 
neutralizing antibodies. HIV B cell immunogens that 
induce broadly neutralizing antibodies for HIV primary 
isolates can be added to a multivalent HIV T cell 
imrminogen. 

.. By way of example, set forth below is an HLA-based 
HIV vaccine formulated based on the International 
Histocompatibility Workshop data presented in 
Histocompatibility Testing 1994, Albert et al eds 
Springer-Verlag, Berlin (1994) and HLA 1991. 2 volumes. 
Tsuji et al (eds) Oxford University Press, Oxford 
England (1992)) supplemented with other published data 
(Williams et al, Human Immunol. 33 :39 (1992) .- 
Chandanayingyong et al, HLA antigens in Thais, In ■ 
Proceedings of the second Asia and Oceania 
Histocompatibility Workshop Conference, Simons and Tait 
(eds) Immunopublishihg Toorak- pp. 276-87 (1983)) . 
Using these data and the.. Hardy -Weinberg theorem (Hardy, 
Science 28:49 (1908)), an estimate was made of the 
proportion of each of four populations that would be 
expected to present peptides to the immune system if a 
limited number of HIV epitopes, were included" in a . 
vaccine designed specifically for that population.' 
Similar calculations were made for a vaccine designed ■■■ 
to be immunogenic for ail four popular ions . These 
results are presented ir. Table XXVII. 
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. ..The most frequent restriction elements in the 
population under consideration for vaccination (or 
common to the 4 populations) are first identified, 
peptides that are presented by more than one HLA allele 
are next identified, and commonality between the two 
lists is then determined. Probability calculations 
utilize the frequencies of the commonality alleles 
supplemented by those of additional high frequency 
alleles in the population. Alleles are added until the 
Proportion of the individuals in the population 
carrying one or more of the alleles in the list is at 
an acceptable level, eg greater than 90%. The sum of 
the HLA gene frequencies, that recognize the fewest 
number of different HIV peptides to be included in the 
HIV immunogen is thus maximized. The next step is to 
choose the peptides associated with the restricting 
allele. In some instances only one peptide is 
associated with an allele while in others, multiple 
peptides are presented by the same allele 

For the four Population cohorts considered in this 
analysis, as few as 2 and as many as 5 epitopes are 
required to achieve a theoretical protection level of 
at least 90% (Table XXVII) . The different numbers of , 
required epitopes reflect, in part, the relative 
amounts of HLA Class I polymorphism observed in the 
different ethnic groups and presentation of a peptide 
by multiple HLA ciass I molecules. 

. A comparison between the individual and combined 
population (Table XXVII) demonstrates that relatively 
little is gained by including epitopes that*- are" " 
associtated with low f requence alleles . The proportion 
of individuals protected . approaches 100% asymptotically 
so that even adding on epitopes associated with high 
frequency alleles adds little to the proportion as this 
leyel is approached. This is illustrated by the North 
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American Indians where including 6 more epitopes 
associated with S very low frequency alleles and , 
intermediate frequency allele in the combined 
theoretical vaccine added only 3.0% protection. 
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EXAMPLE 13 ■ 

Induction of Antibodies That React 
With Native HIV Envelope Proteins • 

Table XXVIII shows peptide sequences that were designed to 
induce antibodies against the C-terminus of gpl20 (SP410-BAL) , the 
AVERY region of gp41 (SP4G0-BAL) , the ELDKWAS region of gp41 (GTH1 - 
SP61) ' and the C2 region of gpl20 (T1-SP420-BAL) . In addition, 
T1-SP10 (A) or GTHI-SPIO(A) peptides were included in. the mixture of 
HIV env peptide designs (the T1-SP10 (A) and GTH1 -SP1G (A) ; peptides 
induce potent neutralizing antibodies against HIV laboratory 
adapted strains) . 

The following peptides were injected into guinea pigs with 
Freund' s adjuvant to induce ant i -peptide antibodies :SP4 00 -BAL/ 
SP410-BAL, . and the Th-B design peptides, GTH1-SP61:, GTH1-SP10MN (A) , 
and T1-SP10 (A) -BAL. The SP400-BAL, SP410-BAL and GTH1-SP1 OMNIA) 
peptides induced antibodies. that bound to recombinant gpl20IIIB or 
to recombinant gp41 in Western blot assays (Figure 32A, ; B : and C) , 
and bound to the surface of HIVI I IB/LAI -infected CEM T cells 
(Figure 33) . Antibodies against peptide GTH1-SP61 also: bound to 
the surface of HIVIIIB/LAI infected CEM T cells (Figure 33). All 
anti-peptide antisera bound to the immunizing peptide in EL ISA 
assays (Table XXX). Thus, the peptide designs listed in 
Table XXVIII induce antibodies against native HIV env proteins and, 
upon incorporation into a polyvalent immunogen, potentiate each 
other and particularly ant i-V3 antibodies in neutralizing HIV 
laboratory adapted and primary isolates. 
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* * * * - ■ - : ' * - 

All documents cited above are hereby iaccrporated 
in their entirety: by reference. 

.. : . . . a * foregoing invention has been described in some 
detail by way of examples for purposes of clarity and 
understanding, it will be obvious to those skilled in 
the art from a reading of the disclosure that the 
synthetic peptides of the instant invention may differ 
slightly in amino acid sequence from the sequences of 
SP-10 regions of specific ECV isolates, without 
departing from the scope of the invention. 
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WHAT IS CLAIMED IS ; 

1. An essentially pure fora of a 
hydrcpfcilic peptide consis ting essentially of an 
amino acid sequence of up to about 35 units in 
length and cpcrespcsnding to at least one antigenic 
.determinant of the -envelope glycoprotein of HIV 
recognized by B lymphocytes , said peptide being 
capable, when ccvalently linked to a carrier 
molecule/ of Inducing in a mammal the production of 
high titers of protective, type-specif ic, antibodies 
against EIV. 

2v The peptide according to claia 1> 
vherein said amino acid sequence co r r espcr.ds to the 
SP-10 region of the envelope glycoprotein of HIV, or 
some portion thereof. 

3. The peptide according to claia 2, 
vherein said amino acid sequence consists 
essentially of C7RSNNN7RXS I RIQRGrC , or scae portion 
thereof. 

4. An immunogenic conjugate capable of 
inducing in a matwaal the production of high titers 
of protective, type-specific, antibodies against 
HIV, said conjugate comprising : 

(i) a carrier molecule covalently 
attached to ( ii) a hydrophi lie peptide consisting 
essentially of an amino acid sequence of up to about 
35 units in length and corresponding to at least one 
antigenic determinant of the envelope glycoprotein 
of EIV reccgnised by B lymphocytes . 
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5. The conjugate according to claia 4> 
wherein said carrier molecule comprises ah amino 
acid sequence corresponding to a region of the 
envelope glycoprotein of HIV, which region is 
distant from the S?-10 region and is recognized by T 
cells. 

6. The conjugate according to claia 5, 
wherein said region distant from said S?-10 region 
is T cell epitope Tl or T cell epitope ■■^if^t- : 'i^- 
portion thereof. 



7. The conjugate according to claia 4, 
wherein said carrier nwlecule is tetanus toxoid. 



8. The conjugate according to claim 4, 
wherein said carrier molecule is covalently attached 
t0 peptide through at least one spacer 

.. mol ecule . : 



S* The conjugate according tc claia 8, 
wherein said spacer molecule consists of the. 
dipeptide glycine-glycine. 

10. A conjugate according to claia 4 
wherein said amine acid sequence corresponds to the 
SP-10 region of the envelope glycoprotein of EIV# or 
seme portion thereof; 



11. A conjugate according to claia ilO 
wherein said amino acid sequence consists 
essentially of CTRPNNHTRXS IRIQRG7G , or seme portion 
thereof. 
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12. The conjugate according to claia 4, 
further comprising the acino acid serenes TLCFLG 
covalently linked to the S?-10-like peptide, or 
portion of the S?-10-like peptide. 

13 . the conjugate according to claia 4 
further comprising an amino acid sequence 
corresponding to a hypervariable region of the 
envelope protein of HIV isolates located C terai nal 
.to the S?-10 region. 

\ 14 • A conjugate according to claia 13 
wherein said sequence corresponding to said 
hypervariable region is 'RArvrxGXZ'GN and is directly 
linked to the: C terai.ius of SP-10. 

15. A methcd of producing imaunity to EZV 
in a mammal comprising administering at least oae 
conjugate according tc claia 4 to said tarsal. 

16. A methcd of producing immunity to EIV 
in a aaasal ccsp rising administering to said mammal 
at least one covalently linked aggregate ef at least 
two conjugates, each of said conjugates having (ij a 
carrier molecule covalently attached to (ii) at 
least one S?-10-like peptide, or portion thereof. 

17. The methcd according to claia 16 
wherein said .aggregate comprises at least two SP-lfl- 
like peptides, or portions thereof, each of which 
corresponds to a different isolate of; BIV. 
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18. The method according to eiaia IS 
wherein said conjugates In said aggregate are 
covaiently linked to each other via at least one 
disulfide bond. 

19. An immunogenic covaiently bended 
aggregate capable of producing a protective immune 
response to HIV in a masaal comprising at least two 
conjugates each composed of (i) a carrier molecule 

, Coval «a*ly attached to (iij a hydrcphilic peptide 
consisting essentially cf an amino acid sequence of 
up to about 35 units in length and corresponding: to 
*\ leas > one antigenic determinant of the envelope 
glycoprotein cf EIV reccgni«d by E l.vsphccytes, 
said conjugates being linked to each ether through 
at least one disulfide bend. 

20. A method cf determining the presence 
and titers in eaaaalianserua of neutralising 
* fttib «^es against a specific strain cf s:v 
comprising the steps of: {i) contacting ar. S5-10- 
iike peptide, or portion thereof, with antibodies 
from maasaliar. serum; a.-.d (li) measuring the 
formation of S?-lo-like peptide-antibedy complexes - 
by radioimmunoassay, or enzyme linked iraunoscrbeat 
assay. • 
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21. A peptide of the general fcrsula: 

*-T!i-s?io (X) 
.... Tn-s?io(x} 

Ta-S?10 

■ : ■ ;0 *^ : - : ' : 

wherein: 

? represents M aaino acid sequence 

derivable froa the putative fusogenic donain 
of HIV env gp4i, or sequence functionally 
equivalent thereto; 

la represents an aaino acid sequence 
comprising a T helper epitope; 

S?io represents a peptide as defined in 
clain 1; and 

(X) re ?*wer.ts an aaino acid sequence 
corresponding to a HIV protein sequence 
recognized by >r. :c class l or class ii 
restricted cytotoxic ? cells. 

22. a method of inducing, in a primate 
antibodies that neutralise human immuhcdef iciency v<rus 
(EIV) comprising administering to said orimat- a 
mimeotope of a conformational determinant of the native 
HIV SP120 C4-V3 region. 

23. The method according to claim 22 wherein 
said mime tope is T1-SP10CANO (A) . 

. 24. A methcd of screening said peptides 
according to claim 21 for the ability to produce 
neutralizing antibodies against more than 1 EIV isolate 
comprising: 

i) contacting one of said peo tides with a 
monoclonal antibody that recognizes a conformational 
determinant of the native HIV gp!20 C4-V3 recion unde- 
conditions such that binding •.can occur, .and 

ii} detarmininc whether said peptide binds, 
to said ir.cncclor.ai antibccv. 
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25. A method of inducing, in a primate, the 
production of antibodies that neutralize human 
immunodeficiency virus (HIV) comprising administering to 
said primate a composition comprising HIV envelope 
peptides that disrupt gpl20/gp41 interactions . 

26. A composition comprising human 
immunodeficiency virus envelope peptides that disrupt 
gpl20/gp41 interactions, together with a 
pharmaceutical^ acceptable carrier . 
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FIG.6A 




FIG.6B 
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FIG.6C 
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Figure ? 
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- Figure 10 
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T1-SP10MN(A) KQ»^WQEVGKAMYACTRPNYNKflKfllHIG?GaAFYTTK 
O T1-FIU KQI1NMWQIVGKAMYATYQRTRALVTQ 
■ DP31 ERYLXDQQLLGIWGCSGKLICG 
• SP10MN(A) CTRPNYNkBKfilHl GPGRAF YTTK NIIG 
A DP4 CYNKRKRIH1 GPGRAFY TTK 
A DP2 IGPGRAPlGPGRAFlGPGRAr C 
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T 1- SP10MN (A) itnilNiMWQgVGXAMYACTRPNYNKflKniHl GPGaAr YTTK 
O T1-FIU KQIlNMWQEVGkAMYA TYGRTRALVTG 

■ DP 31 E3YLXDQQLLQWGCSGKUCG 
• SP10MN(A) CTRPNYNKRKRIHIGPGJAFYTTK 
A DP4 CYNKRKRIH1 GPGRAF YTTK NDG 

▲ DP2 IGPGRAFIGPGRAFIGPGRAF C 
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T1-SP10MN(A) KO0NMWQgyGKAMYACTHPNYhK3K3HG?GHAFYTTK 
O T1-FIU KQJINMWQEVGKAMYA TYQRTaALVTG 

■ DP31 eWLKDQQLLGJWGCSGXUCG : 

• $P10MN(A) CTRPNYNKRKR1HI GPGRAF YTTK 
ADP4 CYNKRKRIHI GPGRAFY TTKNOG 
ADP2 I GPGR AHGPGR AF I GPGRAF G 
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Sequence of Tr-SPlO(A) Th-B-Tc Peptides For Human Immunization 

T1 SP10 A 

KQHNMWQEVGKAMYATRPNYNKRKRIHIGPGRAFnTK T1-SP10MN(A) 

KQNNMWQEVQKAMYATRPNNNTRKSrrKGPGRVlYATG T1-SP10RF(A) 



T1-SP10EV91(A) 

KQMNMWQEVGKAMYATRPHNNTRKSIHMGPGKAFYTTG T1-SPlOCanOA(A) 



WO 97/14436 



PCT/US96/16911 



28/34 



1.4 n 




0.01 (US O04 VM 0.16 &32 0*» 145 JLS S 



pg Mab Added inELISA Assay 



WO 97/14436 



29/34 



PCT/US96/16911 



&30 v 




; (link* p«p* 

Peptide on ELISA Plate 



WO 97/14436 



PCT/US96/16911 



30/34 



ThrBai Thrice, optimal 

Th3-B3, + ThrTc3, + adjuvant 

: 1 formulation 
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oral administration systemic administration 

for protective mucosal for protective systemic 

anti-HlV immune responses anti-HIV immune responses 
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